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PREFACE 



ABOUT ENERGY TECHNOLOGY MODULES 1 * o 

The iaodules were developed by TERC-SW ior use in two-year postsecondary technical 
institutions to prepare technicians for employment and are useful in industry for 
up-dating employees in* company • sponsored training programs. The principles, techniques 
and skills taught in the mo<Jules, based on tasks that%nergy technicians perform, 
were obtained from a nationwide* advisory committee of employers of energy technicians. 
Each. module was* written by a technical expert and approved by representatives from 
industry.* • * 
* A module contains the following elements: 

i * ' 2 

s Introduction , which identifies the topic and often includes a rationale for, 
studying the material. 

prerequisites , which identify the material a student Should be familiar 
with before studying ,the module. 

Objectives , which, clearly identify what the student is expected to know for 
satisfactory module completion-. ■ ( The objectives, stated in terms of action- 
oriented behaviors, include such action words as operate, measure, calculate, - 
identify and" define, rather than words with many interpretations, such as know', B 
.understand, learn and appreciate. K < 

Subject Matter , which presents the background theory and techniques supportive 
to the objectives of the module.* Subject matter- is written with the technical 
student in mind. y 

Exercises , Jwhjch provide practical problems to which the student can apply x this 
•new" knowl'jcjfce . 

Data Tables , which are included in most modules for the firs.t year (or basic) 
courses fo help the student learn how to collect and organize data. _ 

References , which are included as 'suggestions^ for' supplementary rd>4in^/viewing • 
fdr the student, - ^ 

Glossary , which defines ' ( and explains terms or words used within the module that 
' are uncommon, technical, or anticipated as being unfamil iar* to the student. 
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ENERGY ECONOMICS ■ 
INTRODUCTION 

In recent years the prices of energy have increased 
faster .than the prices of most other commodities. Just 
how much they have increased can be seen by examining the 
following table. 



U.S.- NATIONAL AVERAGE PRICES 
OF DIFFERENT SOURCES OF ENERGY IN RECEN^ YEARS'. 



Year 


Residential Heating 
Oil (i per gal) 


Gasol ine 
per gal) 


Residential 
Electricity 
(<£ per kWh) 


1973 


28.4 


38.8 


2.38 


1976 


41.1 


58.6 


3.45 


197^ 


45.2 


'62.6 


4.03 


1978 


. • 48.0 


64.6 


4.10 


1979- 


- , 64.2 


81.2 


.4.21 



Energy users are beginning to realize that some soyrjres 
of energy, such as oil and natural gas,, are going to be 

more difficult and more expensive to find and produce. As 

r 

a result, there is an increased interest in finding ways 
to reduce energy use,,. Whenever energy use -.is reduced, it 
is said that energy has been conserved. 

• Too much of a reduction of energy use,, however, can 
produce adverse effects. For. "example , it might he acceptable 
to raise, the temperature in an office building by 5°F during . 



the Coaling season in order to reduce energy use. The result 
of course, would be that the energy-using cooling unit would 
turn on less frequently. On the .other hand, if the tempera- 
ture were to be raised even further, thereby conserving 
even more energy, the people who* work in the building would 
become uncomfortable . In this case, work effectiveness 
would suffer and the energy conservation measure would not 
•be wise. Thus, every energy conservation measure should 

s 

be analyzed to determine exactly how much energy it will 
save and what its, total effects ;will be, . '' 

The energy specialist can increase the financial well- 
'being of an individual or an organization by analyzing and 
implementing methods for decreasing the amount of money 
th^t is spent for energy. Many opportunities* to reduce 
energy costs require that money be spent for energy- saving 
devices. , For example, typical devices, -include insulation 
or a microcomputer that will control* room 'temperatures. 
^However,, the cost* of the project must be' compared to the 
energy saving^ it qjight generate. This, and other such 
similar tasks, is the job of an energy* specialist . 

Energy .Ecoriomics is .a course, designed to' familiarize, 
the student with the energy-conserving and cost-saving mea- 
sures -that are available, as' well as the analysis . techniques 
-that are necessary for accurate evaluation of energy 'projects 
The course contains the. following modules: * > 

.Module EBiOl, '"Fundamentals of Energy Cost Analysis," 
introduces the student" to some of the fundamental principles 
of economics ^and shows How these principles can be applied ' 
to energy conservation and use. Because analyses must be 
made of the long-range economics 'benefit^ realized in energy 
-conservation pro jects with ' regard ta their costs a$<jl the 
cost savings they generate, different kinds of costs are* 



^defined, and an explanation ,~I"s given of how price is^ deter- 
mined. 

Module EE-02, "Financial Parameters of Energy Economics^" 
introduces the student to several fundamental techniques 
used to analyze the costs and cost savings of energy projects.. 
■The. important relationship that exists between time and 
money is explained in this module. 

• Module EE-03, "Financial Techniques of Energy Economics , " 
discusses analysis techniques" that apply primarily to recur- 
ring costs 'and cost savings, with particular- emphasis on 
when and how often these costs and cost savings occur. The 
distinction between recurring and one-time costs was made 

previous modules. With the skills that can be learned ' 
from the- study "of this module, -the energy specialist will ) 
' be able to" compute the preserrt value of costs and cost savings, 
an' important cons ide-ra-t ion in energy projects. « 

■Module EE-04, "Economics of Energy Alternatives," intro- ( 
' duces the student to several factors that can affect the 
actual level of the costs and cost savings of energy projects. 
Often the actual level is not what it initially appears • . . 
to be. J'he process of borrowing money to. finance an energy 
-project is discussed, and the impact qn. costs is demonstrated. 
Taxes and their effect on cos.ts' and cast savings are explored > 
in "this module, as well as the concept of life-cycle costing. 

1 Module EE.-05, "Economic . Analysis and-Energy Conservation 
Projects, V presents several technfque.s that fare used in 
the analysis of ways in which .costs and^ cost ^savings of 
.energy conservation projects-are- related* The .calculVtipns 
involved in these techniques are explained and demonstrated. 
The information needed to perform each calculation -and the 
results of each calculation^re en\phasized, as well as when 
each method should be, used. With these techniques, the - 



energy specialist should b-e able to ^analy2e accurately the 
economic effects of most energy conservation projects or 
groups of projects. ^ . 
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INTRODUPTION 



There are two ma j'or/ reasons /for -educing energy use: 
one is to conserve available energy resources,' such as oil, 
natural g^s, and so forth; and-the other is to 'save' money . t 
Energy " savings can be accomplished in at' least three ways: 

1. By changing organizational procedures , /such as working 

• hours, or personal habits, such as lowering the "setting' 
on a thermostat for controlling building heat in the 
winter. * ■ . 

2. < By modifying an. existing building, suQh a$ adding 

storm windows, or changing techniques on new buildings, 
such as -increasing wall or fceiling insulation. 

3. By replacing or modifying' equipment used for produc- 
^ tion and/ or building climate contrql . . * 

A * ( Although these methods may result in an immediate savings 
of energy consumption, 'they frequently require increased 
cokts to alter ^design techniques and'Aer organizat iQnal pro-* 
cWures. 9 Because .of these facts, an analysis must be made 
of^ the long-range economic benefits .realized- in energy con- 
servation pro j ects with regard to their costs and the /cost 
savings they generate.- — - x * V / 

" 4 ' This module* introduces tha student to ^some of the funda-" 
mental principles of economics, and shows how these principles 
can be appHed to e'nergy conservation and use/ Different 
'kinds, of costs are denned, and an e,xpiana,t ion ; is" given 
of how-price is determined. • # 



PREREQUISITES 



The student should* have a good * understanding tT£ basic 
algfebraic^ functions. . 
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OBJECTIVES 



\ 



Upon completion of this , module , /the student should be 



able 
1. 



4% 



to : 

Define " the following terms : 
a, ' 

b, 
c , 
d, 
e , 
f ' 



g 
h 



1 . 

j • 
k. 
1 . 
m." 
n . 
o . 

P- 

•q- 

r . 
s . 



Profit; 

Total revenue. 
Total *cost. 
Profit maximization- 
Cost minimization. 
Energy economics. 

s 

Indirect cos't. 
Direct cost. 
One- time^-eost . 
Recurring c^sj. 



Efficiency, 
Economic efficiency. 

Free market. I» 
Supply! - > m 

Resource.. 
Demand. 
Market price. 
TflS^ginal cost . 
Marginal cost savings . 
Distinguish between the following kinds of costs: 

a. Direct' and indirect. " 

b. One-time and recurring... 

Given the proper information, determine the following: 

a. Market supply. ' 

b. Market demand, * 

c • • Market price . ' 
Determine the effect of any'change in total revenue 
and/or total cost on profit. I 
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Examine . energy conservation projects ancl energy-using 
systems^ for economic efficiency. 

Determine the effect of 'changes in supply and/or demand 
oh market price. . v ^ s** 

Use marginal Analysis (when appropriate) to determine „ 
how much should be spent on an energy conservation 
project*. * . ' . « 




4 < 

SUBJECT MATTER 



BUSINESS FIRMS AND ENERGY CONSERVATION • 

The primary goal o£ most .businesses- is to make money % > 
The money-making process ^usually involves a number of factors/ 
that must be considered.' Many of these considerations also 
can apply, to individual s* o* to organizations, having other 
goals (such as "non-profit organizations *- which* will be 
discussed lat^r) . By applying conservation techniques in 
those ar?as 'where energy is used improperly, the energy % 
specialist can help a business achieve its^prim^ry ^goal . 

• *■ ■ - 

PROFIT, REVENUE, AND COST 

The amount of money a business makes is its profit. 

Profit is defined as t, the < amount of money people payXa^busi* - 

ness for the goods or services it seias (total revenue), 

minus the ' amount of money the business 'must .pay out in operat 

ing expenses (total cost)." In other words, when a business 

sells something, the money it receives is revenue; wKen 

it buys, some thing/such as the electrify • for the building 

or the labor of/an employee, the nroney'«it spends is a cost. , 

The purpose of pperating a business is for the business 

• * .j? 

to receive' more in revenue than it spends in costs; this 

difference! is called* profit . The mathematical definition 

of profit i$ given by Equation 1: 



7T = TR - TC /^^^^ Equation 1 
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where: — 

ir = • Prof it . 

TR-== Total revenues (the amount a business receives 

from selling goods or services). t 

TC = Total costs (the amount a business pays to con- 
tinue its operations), ^ 

"^This mathematical -def init ion points out several impor- 
tant aspects of^rofit-: (1) profits can have a "positive, 
negative, c or zero value; (-2), profits can be increased by 
increasing total revenue, decreasing total cost, increasing 
revenue more than increasing cost, or decreasing co*st more 
thaji decreasing revenue; and (3) profit maximization occurs 
-when' the difference between total revenue and total cost 
is the greatest. ^ The relationship among these three amounts 
is given in Table 1. 

Mos.t business' firms, in the United States today have 
a^ level of profit that is greater than zero. A firm with 
negative profit is losing money - it; is spending more than 
it /is taking in. In this situation, a firm must do one^ 
of \wo things: (1) change revenues and/or costs so profit 
is no longer less than\zero , :or (2) go out of business. Many 
firms can — and do —/lose money for a brief-period of time, * 
but they must show a profit eventually or ( go out of business. 

H£>w does the energy specialist help "a business reduce 
costs? In most cases*the specialist will have very little 
to say about factQrs that have an impact on revenues. What 
a firm makes to sell, the quantity it- makes, and the price 
it charges are decisions' made by management per sonnel . and, 
therefore, should be of little concern to the energy* special - 
ist. Cost considerations are another master . N By helping 
the firm prinimize th*e amount of case it must s|end to stay 
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TABLE 1. CORRELATION BETWEEN PROFITS, 
■REVENUES, AND COSTS? 
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4- 

J 
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TT - 
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4- 


TR 




7T 
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TR 


= Total 


Revenue 


+ = 


Decrease, 


y-'TC 


= Total 


Cost 






No Change 


IT 


= Profit 








> = 


Greater 


than 


+ 

* 


= Increase 
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hi business, the enei^jy special ist " can help the firm, make 
a larger profit. This is called cost .minimisation . The 
energy specialists-can help a firm minimize costs in the* 

• following ways: * - * 

r By determining which particular methodiof 

* accomplishing a certain task (such as illum- 
inating a ^building) will use the least energy 
and, therefore, cost the Least amount of money. 



erJc 
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By spotting and evaluating ways to conserve 
en^pgy in systems already being utilized. 



MEASUREMENT OF ENERGY CONSERVATION N _ 

"AH efforts to reduce energy use must measurable 
by some common unit so various energy- saving alternatives 
can be compared. 5 That cpmmon unit is dollars. Whereas 
some other units, such as Btus, coyld be used just- as easily, 
the 'conversion o£ all energy savings to dollar figures makes 
their value to the business firm much easier to . interpret . 
ThQs ' energy economics can be^defined as n the dollar comparison 
between various energy conservation alternatives to determine 
the* extent of energy savings (reduced costs) that each alter- 
native will prodi^pe in relation to the dollaris~expended 
to put the alternative in place. M * 



INDIVIDUALS AND NON-PROFIT -ORGAN I RATIONS 

*** i *« 

• "* '-The principle of cost minimization also can be applied 

to individuals and to ncfh-prdf i,t organizations such as churches 

hospitals, and schools. In- the case of an indiyi-dual, the 

less money spent on .energy, such as for electricity or fpr 

♦gasoline, the more money there iB^to spend on something 

else., A non-profit organization usually exists to pejrfjrcm 

some type of service, .such as in medical care or in education. 

The less money such, an organization must spend on energy, 

the more money it can spend to provide^ its services. In 

eithet case, keeping energy costs as l$w as possible is 

desirable; therfore, the energy specialist's goal is always 

the same: to -reduce energy use to minimize costs. 
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TYPES OF COSTS 

Energy, In most 'cases, does not have the same demand - 
^ price relationship as other products* With government regula- 
tion- and price control; cost is not totally due to market - 
demand . > Increases' in electricity cost is not- feflective 
of increaseddemand, but due to'fuel conversion,, pollution 
control, increases ifi fuel '"costs-, and other outside factors. 

Any device, equipment,, or system that uses energy will 
have an initial purchase cost and, in most cases, an opera- 
tion cost. A heating, ventilating, and air conditioning 
(HVAC) system will cost a certain amount to purchase and 
install; then energy and maintenance eosts will have to- 
be paid to operate the^ system; . Quite- often, an energy- 
conservation prefect will also »have an» initial implementation 
cost. ' i ^ * ~ ' > • 

Cost, can be classified as direct costs- or indirect 
costs*. DTsect costs are- those that . involve the actual spend- 
ing of money. For^ instance , when money ^ is spent to buy 
solar panels for a house, the money-^sp^ent^ is a direct cost. 
An, indirect cost Irs incurred when a business or individual 
performs a task rather than paying to % have ,it performed. % ! 
"Suppose an individual installs a solar water-heating system 
•rather than hiring an HVAC contractor- to do the job. Even 
though the individual does not pay * to^ibstall the system,, . % 
-there is still a cost involved since 'the individual' could 
be earning money during the time used to install the system. 
The amount of money that could have been earned is the in- 
direct cost of installing the unit. Indirect costs are 
much more difficult, to compute thari direct costs; neverthe- 
less, /they are" important .and should be considered. 
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Direct costs ca^ be categorized as follows: one-time 
costs .and recurr ing^costs . A one-time cost is exactly what 
the term implies - something that is^paid just once. Tl*e 
purc^a^e price of a 'new light fixture isvan example of a 
one-time cost. Reqtirring costs are costs that' are paid 
on a regular basis <Wer a sp.ec if ied period of time. The 
cost for electricity required to operate an HVAC system 
is a recurring «cost , since it must be paid each month- 
The costs associated with^an energy system can be different 
for different* systems, so the energy specialist should con- 
sider each situation carefully and classify each cost properly. 
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EXAMPLE A: TYPES OF- COSJS. 



Given: 



The following costs are incurred by^he owner 
of a building for- a heating and cool rrrg~sys tern: 



a . 
• b. 
c 

d. 

e . , 

g. 

h. 



Filters 

5- ton cooling system 

Duct work 

Belts 

Gas furnaces and evaporative coils 



F ind ! 



Solution: 



Installation - slab fc^ring 
Salaries of maintenance ^personnel 
Cost of power: electricity and natural gas 
Whether the preceding costs are orie-time or recur- 
ring. 

One-time" costs: 

a, S-ton cooling system 

b . Duct work * ^ m 
C Gas furn&ce% and evaporative coils 

d. Installation - slab wiring 



t 
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Example A. Continued 



) 



Recurring costs : 

a . t Filters . ( 

b. Belts 

c. Salaries o£ maintenance personnel 

d. * Cost of power 



In the preceding example, notice that the one-time costs 
involve a single purchase, whereas the recurring costs ^ould 
involve several purchases a~s time elapses, for example, ^ 
as belts wear out th&y must be replaced, fuel 6ills must 
be paid every month, and so fbrth. It is important to know 
how often a cost will have to be paid - once or more than 
.once — to get an idea of total cost. 



ECONOMIC EFFICIENCY 



The laws of thermodynamics state that there is a limit 
to the amount of heat that can be transferred or work that 
can be dori£ by a quantity of energy. How well a system 
uses energy is it's efficiency . One thermodynamic definition 
of efficiency is* given in Equation 2 below: 

Energy transfer (of a desired kind) 

p = achieved by a device. or sys.tem Equation 2 

, Energy Nuiput to the device or system . n 



where : , 
• • E - 



The efficiency of the device or system. 



' 1 



er|c . 



20 • , 
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The more efficient a .system is in performing its* func- 
tion, the. less 'energy it uses; therefore, one way to reduce 
energy use is to increase energy eff icijSncy* Combustion 
processes in industry are' sometimes quite inefficient, and 
corrective measures, such as installation of a micf ocomputer 
system to monitor combustion, can increase efficiency. 

The v concept of efficiency is extended to energy economics 
as a simple extension of thermodynamic efficiency" .(which 
accounts for the cost' of energy). The 4ef ijn^tion of economic 
efficiency is illustrated in the following equation: 



t 



Energy transfer (of a desired kind) 
red by a- device or ; 
:ost of energy inpu- 
device or system ^ 



-^-E^_ - achieved by a- device or system r nnqf « nfl ? 

> econ = — n — ■ ^ r « tt—z — zt: — Equation 3 

Dollar cost of energy input to the n 



where : 



E = The economic efficiency of a device or system,, 
econ 1 ' 

s The difference between thermodynamic; ef f iciency- and 
economic efficiency is important, Cbnsider two Keating 4 
systeris : ' 'oije that is powered by natural gas and another 
by heating oil.- The t±Lern^o dynamic efficiency of * the two 
systems might be equal (that is*, the amount of heating is 
accomplished- for ,each Btu of erier^y input}-; but if one fuel 
costs more than the other, the economic efficiencies would 
be different. Whe^p all variables are "equal {such, as avail- 
ability of fxzel) the system with the* highest .economic effi- 
ciency should be used. If two systems 1 tise thfe.same kind 
of energy,, then the system tha't is more thermodynamically 
efficient will be more economically efficient. * 
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DETERMINANT^- OF PRICE 

' When^considering the, costs of an erfergy-using ' system 
or of an energy conservation" project .such as insulating 

'a home, it is very useful to kntfw how costs are determined. 
Any cost is. also a price - the prj.ce of^rhatever a business 
or individual buys with respect to the-projec^ or system. * 

'In the United States^ priees are determined in*free markets 
A free market is a situation wh^re people who want to buy 
something and people who want to %eiU«the same thing commun 
icate .with feach other and "bargain about' the ppice. The 
price agreed upon is the price of the product; In most^ 

-markets there are a large number of buyers and sellers, 
• and a great deal of ^"shopping » around" Usually feakes place". 
The bargaining process can be seen in two forces: (1) the 
supply of \a product by the people-who want to sell if; ,and / ^ 
(2) the demand fo-r a product by pe<Jp3/e who want to buy it . . 

, To make the explanation of supply and demand easier _ 
to understand, one situation wiH be used throughout. This' 
situation is thre supply of and demand £o r 9: gasoline in the • \ 

^United States. *" « ' , s • 

»..*»- • 

•.. • «■ 

SUPPLY % ' ' . ^ ' 



9 t 

The * supply . of a product is a functien of how much pro- 
ducers of the product will sell at each of | number of di/- 
# ferent prices. In most cases', people .will not want to* sell 
the same amoun^ of something if its' price. changes. The 
9 relationshij^between^price and the amount people will offer. 
foVSal? (the quantity supplied) is a direct pne,.^^le , 

will want to. sell more ^t higher prices; in other wofds, 
t 
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a higher price results in a higher quantity supplied, 
• ' To explain 'supply adequately, the concept of resources 
must first be presented. A* resource is a commodity used 
in any^part *of production. Iron is a resource used to pro- 
ducef steel , as are the services of m the people who work in 
£he steel plant, Resources cost' money; therefore, busi- 
nesses want to make the best use of them they can, 

' The idea of supply, is .directly related to the use of 
the \esource , Resources are used in any kind of production 

t where ' something is produced, .f<?r sale. In the production 
of gasoline, the resources* used include labor ^management 
services, crude oil, chemical agents used in the refining 
process, and others. As the price of gasoline increases, 
producers can make more money by using more resources to 
produce gasoline. On the ^ther hand, if the ..price of gaso- 
'line .decj^es^s, " people wil^withdrav resources from gasoline 

. producre^n anV use th^m to produce something else, /The 
more resources used, the more gasoline produced, A direct 
relationship exists between the' price of :a good or service 
(in this example, gasoline) an£ the* quantity of that good 
qr service supplied by the producers-. Th^s relationship ' 
becomes quite clLar when it is presented graphically as 
a supply curve (Figure l)\ 1 ' ' 
Uy, examination of the 'graph" in Figure 1, one is able 
to* discern that Gulf Corporation will supply^250 gallons 
of, gasolin-e per day at a price of ,70 cents per gallon. - FFow- 
. ever , % if the price* rises to $1,"' then ' Gulf will increase . ^ 
the quantity of gasoline supplied to 400 -gallons per day. 
Since 400 is greater than .250, a direct relationship between 
price and quantity . supplied is shown to exist. , 
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QUANTITY OF GASOLINE 'SUPPLIED 
(GALLONS PER OAY) ' 



Figure 1." Supply Curve for Gulf Oil Corporation. 

* - The concept of ^supply does not apply only to oil com- 
panies,' but, rather, to all producers. Westinghouse will 
offer more 5-horsepower. electric motors for sale if the • 
price .of the ''motors inc/reases- The "quantity of belts supplied 
by, a 4 parts manuf actureA will decrease if the price of the - 
belts decreases* Since' this relationship applies for all ' . 
products, the following law can* be st'at.ed: 



LAW OF SUPPLY: 



'The higher the price of a 
product, the more of -that 
product a busirtess will 
offer for sale. 



MARKET SUPPLY . 

The ^preceding description of . supply-.only pertains ^to 
one business selling a part icular ^product ; but, the market 
consists of several companies that are trying to sell, this 
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product. Each of the many oil companies will want to sell a 
certain amount -of "gasoline at each particular price. AH 

. that is required to determine the market supply (the total - 
amount of gasoline that will'be for sale in the market at 
each of a se£ of prices) is a simple technique of additioa. 

~ For each price the market supply is- the sum of the quantity 
supplied by each seller in the market. For example, suppose 
there are only jtwo ^producers of gasoline in the market - • 
Gul'f Corporation and Texaco Corporation; then "the market 
'supply curve' is just the horizontal addition of the supply 
curves of the two corporations . This process is illustrated 
in Figure 2. At a 'price of 70 cents, Texaco^rrpbration 
will supply 200 gallons and Gulf Corporation will * supply ' 
150 gallons. -Then the total "supply in the market is (200 + 
150) \ which is*equal to 350 gallons on the market-supply 

'. graph shown. Similarly, aft: ttye higher price of $1, X exaco 
Corporatiph will 'supply 350 gallons and Gulf . Corporation 
wild 'supply 250 gallons. 'Thus the market stipply* at tfre 
price of ,$1 is '(350 + 250) gallons, which equals 600 on 



/ 



the m^cket supply curve- Notice .that the direct relationships 
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a. Texaco Corporation 
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Figur.e 2.' Derivation of the Maricet -Supply Curve 
(Two Sellers in^the Market)'. 
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that 'existed betwee^ price' and quantity supplied' in the 
case oljthe individual firm^^sa-appl^M^-to the 'market. 
In most cases the market- supply curve will £e the main area 
of interest with regard to the ^determination of the price 
of a product". This type of horizontal addition also^can 
be applied when therfe are more than two sellers in the market 
/The-process is' exactly the same: The 'quantity supplied- 
by .* each-^ irm is added at ea,ch price, and the result is the 
market supply*. 



DEMAND " ' 

The demand for a prpduct is established by the quantity 
people^want ta buy at a specific set of prices. - Like«&e 
supply curve, the demand curve is a set of possible aiterna- , 
tives. An individual who purchases a certain amount of 

/ r 

gasoline when it is selling at 70' cents per gaLlon should ■ 
be expected -to buy less gasoline at $1 per gallon, 'all 'other 
things being equal. Therefore, ap inverse relationship 
exists *between the p'rice of gasoline and the quantity of 
it deil^THle^by a consumer. 

Demand is. related to the usefulness of a product, as 
compared to its price. At a given price a consumer finds 
> it worthwhile to spend money for 'a certain ^amount of gaso- 
line; but if the price increases, the consumer cannot justify 
spending the extra money needed to maintain'the old level 
of usV Thus, the consumer reduces the level ofvgasoline 

usage and increases th# surplus money, wh^ch can Ve used 

i 

for something else. For this reason, an inverse relationship 
exists .between the price of gasoline and the quantity of 
gasol ine demanded by a consumer." TTtTTs inverse' relationship" 

.' „ ' * " * . ' * *• 
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can be seen by examining the graphical representation of 
one consumer's demand curve, as shown in Figure 3. This 
curve shows tlffe quantity of gasoline demanded by one .con- 
sumer at each of many possible prices'. 



PRICE OF 
GASOUNE 
U/GAU.ON) 



1.00 - 



0.70 




Figure 3. 
Demand Curve 
of Consumer A. 



QUANTITY OF GASOLINE DEMANDED M 
(.GALLONS/DAY) BY ONE CONSUMER 

J 

Notice , that at a price of 70 cents per gallon the con- 
sumer demands 8 gallons per day. But, when the price in- 
creased to $T per gallon, the? quantity demanded by consumer 
A falls from 8 gallons to 4 gallons. There is an inverse 
relationship because a higher price results in -a lower quan- 
tity of gasol ine -demanded. 

It is important to realize, of course, tha't the concept 
of demand does not apply just to gasoline, but to all prod- 
ucts. Similarly, as the price of energy increases, busi- 
nesses want to buy less of it, and the role' of the energy 
specialist is to find ways -to reduc^' energy usage. 
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MARKET DEMAND 



Iri most cases, and especially in the case of the gaso- 
line market, many consumers want to buy the product. Thus, 
the need arises for the determination of market demand - 
the total amount all possible buyers will want to buy at 
each 'possible price • Market demand is derived in the same^ 
manner that market supply is derived: The sum of the quan- 
tities demanded by each consumer at each , possible price 
is taken to giye the total quantity demanded in the market 
at those prices. Graphically, market demand is simply the-' 
horizontal sum of all individual consumer-demand curves. 

For simplification, assume that the market for gasoline 
has only two* possible buyers: consumer A and consumer B., 
Now observe the following graphs in Figure 4. 
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Figure 4/ Derivation of the Market;Demand Curve 
(Two Buyers in the Market.) 



At a price of 70 cents, ....consumer A demands .a Quantity of 
8 gallons per day, and consumer B demands a quantity of 
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12 gallons per day* Thu's, the total demand in the market at 
the price 'of 70 cents' is 8 gallons. + 12 gallons, shown on 
the market -demand curve as 20 -gallons per day, Similarly 
at a price of $1, the quantity demanded by consumer A -de- 
creases to"4^g^llons per day, and the quantity demanded • 
by consumer £ decreases to 8 gallons. per day. Thus, the . % 
market demand decreases to 4 gallons + 8 gallons = 12 gallons 
per day. Notice that 'the inverse relationship that existed 
between price and quantity demanded in the ca*se of the in- 
dividual consumer also is applicable for the market as a ' , ^ 
whole. In most cases, the main area of interest with regard 
to the determination of the price of the product will be 
the market-demand curve. Of course, this process is applied 
just as easily when there are more than two possible buyers 
in the market; in- this case, the quantity demanded by all 
consumers at each possible price is summed. 



MARKET PRICE 

The price that is charged for a product - the market " 
price — is determined by the interaction of market supply 
and market demand. Market suppjy indicates how much of 
a product producers will offer for sale at e^ch possible 
price, and market demand indicates how much of a product 
consumers will buy at each possible price. A sale will 
occur when a buyer and seller come to an agreement regard- 
ing a particular price for a particular amount. The process 
by which this agreement is obtained is illustrated by the 
graph shown in Figyre 5. In this graph the market-supply 
•curve and the market-demand curve are represented together. 
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At a price of $'2 per gallon, producers are willing 
to supply 600 mil lion -gallons of" gasoline per day, but con- 
sumers are willing'Vo buy only 200 million gallons per day. 
Since the amount of 600 million gallons' is much^greater 
than' 200 million gallons, the buyers *and sellers, in this 
case do not* agree about priced and quantity. ' At a price 
of 65 cents, producers are willing to supply only 250 million 
"gallons per day, whereas consumers will demand 500 million 
gallons per day. Since 250 million gallons is considerably 
less than 500 nulTitTn* gallons, again it can be assumed that 
consumers and producers* do not agree' about price and quan- 
tity. 



PRICE OF 
GASOLINE 
( $/ GALLON) 
2.00 



1.00 



0.65 




MARKET 
SUPPLY 



MARKET DEMAND 



200 250 400 500 600 „ 

QUANTITY OF GASOLINE ( MILLION GALLONS /DAY ) 

Figure 5. Determination of Market Price of Gasoline. 

If the price of gasoline were $2 per gallon, producers* 
* " . . 

would have an amount of gasoline equal to 600 - 200 million 

gallons that they could not sell. As a result, they would 

lower their price to, try to sell.it. However, if the price 

' of gasoline were 65 (cents per gallon, consumers would demand 



30 



EE-01/Page 2 1 




an amount equal to 500 — 250 million more than producers would 
be willing to sell at ^hat price. As a result , 5 producers 
would raise their price since people would buy all they 
offer for sale. The market price of gasoline is the price 
at which consumers are willing to buy exactly the same amount 
as producers are willing to sell — that is, market supply 
is 'equal to market deamnd. In Figure S, market supply is 
equal to market demand at a prifce of $1 per gallon; at this 
prifce, producers supply the same quantity as consumers de- 
mand — the -quantity of 400 million gallons per day. In 
this market, the price will always work toward $1, and the 
quantity sold will always work toward 400 million gallons. 
This price and ^quantity will not change unless some other 
factors have an effect on the market. 



EXAMPLE B: DETERMINATION OF PRICE. 



Given: 



Figure 6 shows the market -demand curve and market- 
supply curve for natural gas\ 



aoo 

$/iooo 2 * 50 

CUBIC FEET 2 *°° 




MARKET SUPPLY 



MARKET DEMANI 



5.000 7,500 10.000 
QUANTITY (BILLION CUBIC FEET /YEAR) 

Figure 6. Supply and Demand of 
Natural Gas. 
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Example B. Continued 

Find: The market; price of natural gas. 
Solution: The market price occurs^where quantity supplied 
is equal to quantity demanded - which, in the 
above figure occurs at 7, 500 billion ft 3 (cubic «. 
feet) per year. The jprice at this quantity is 
$2.50 per thousand cubic feet. This is the mar- 
ket price. - 



XbEfl)riONAL FACTORS THAT INFLUENCE PRICE 

'♦ 

The preceding analyses assume J^a_t_*the market is com- 
pletely free - that no outside forces interfere with the 
choices of producers and buyers. Unfortunately, this situa- 
tion is not always the case. External forces usually do 
have the effect of changing the quantity supplied' at each 
price and/or the quantity demanded at each price. In the 
market for gasoline, there, is a particularly strong influence 
the policy of the Organization of Petroleum Exporting Coun- 
tries (OPEC). This policy causes gasoline prices to be 
highef than they otherwise would be. Exactly how OPEC does 
this will be considered at this time. 

The members of OPEC are suppliers of crude oil, the 
substance' from which gasoline is refined. Thus, the supply 
curve of the OPEC countries is. part of the overall supply 
curve of gasoline. OPEC restricts supply and increases 
•gasoline prices in the following manner: Since the demand ^ 
for crude oil is very high, and these countries can,- in 
effect,- sell all % they produce, they simply reduce the amount 
they will produce at every possible price-. This causes 
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consumers to pay more for the gasoline they must have, 
especially since many consumers feel they cannot. cut back 
on gasoline consumption - even^ if it. 'costs more. The above 
process is demonstrated graphically in Figure 7. 
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MARKET. SUPPLY 2 
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QUANTITY OF G^ASOUN^ (MILLION GALLONS/ DAY) 



Figure 7< How OPEC (Members) Raise /the 
Price of Gasoline, 



'Assupre that before OPEC was formed the market pric.e 
of gasoline was $1, with an accompanying quantity of 400 
million gallons per day. This means that the original supply 
curve was market supply 1, since it intersects with market 
demand at those points. However, when OPEC was formed", 
the effect of refusing to supply as ijiuch etude oil at each* 
price as before was to shif.t the market- supply curve from • 
market supply 1 to market supply 2 (Figure 7). Less gasoline 
was of fered .by producers at each price. Since the demand 
schedule did* not change, the point 'of intersection of market 
supply and market ^demand is at a higher prices ($1.20) and** 
a lower quantity sold (360 million gallons per day); there- 
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fore, the. effect of OPEC f s action is a higher price and 
'a lower quantity sold. Since prices rise more than quantity 
sold declines, the OPEC nations make more money. 

.Another, factor that can influence supply and demand 
is' the price of a relarted good or product/ This is partic- 
ularly true with regard to different forms of en'ergy. .If 
the price of coal increases, then some industrial plants 
might change their production process to diesel fuel. T his 
would increase the demand for diesel fuel at each pries, 
and the increased demand would lead to "an increase 'in price 
since the supply and demand curv^s^ould inter-sect at a" 
higher point. 

In summary, the following factors will result in a 
price increap^ 

• A decease in supply 

* • An increase in demand 

• A decrease in supply greater than a decrease 
in demand , ' 4 * > 

• An increase in supply greater than /an 
j increase in demand 

On the other han-d, the following factQrs w;ilL result in ' 
a lower price : «s 

• An increase in supply 

t > 

• A decrease in 'demand m * 

• An increase in .suppIyTjreater than an / 
increase in demand 

• A decrease in supply greater than a 
n decrease, in supply 

' \ ' • / - 

These conclusions are easy to understandNLf the graphical 
representation of supply and demand, and whe^e they inter- 
sect, is considered in each case. The role of the energy 
specialist is to help reduce the 'demand for energy. This, 
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in turn, would reduce the price of energy — or, at l,east, 
it would keep price .increases smaller. 



1 MARGINAL ANALYSIS 

Most energy conservation projects involve costs of * 
one Jcind^ or another.. However, because these projects save 
energy, ^thereby *sav c ing money, they also involve cost savings 
Naturally, an energy projecTt should save at least as ipuch * 
as it costs. Marginal analysis Can be used to determine 
how much, should be spent" on energy conservation, because 
it show§ how-to save the most money. The use of marginal 
analysis is also a good way to compare energy prtfjepts that 
do not cost the 'same amount of money- to implement. 



•MARGINAL COST AND MARGINAL— COST SAVINGS 

•Marginal refers to the last increment of some- variable , 
such as the last..inch o~f insulation in^ an attic or the last 
solar panel installed on the roof of a building. Marginal 
cost (MC) is the cost of adding the last unit. Marginal 
cost savings , or simply marginal savings^ (MS) , are the dolla 
sayings that result from adding the last unit. Notice that 
these figures apply 'only to the last unit and not the total 
system 'or project. Example C illustrates hoi^ to calculate 
marginal cost. - . 
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EXAMPLE C: DETERMINATION OF MARGINAL- COST, 



Given : 



Find: 
Solution: 

\ 



A solar .equipment- supplier will supply a 30- * - 
square-foot solar panel ,for\$500* .However, if 
five or more. panels are bought , the price de- 
creases to $480 per panel, • . 
The marginal co?t of -the fifth panel/ 

Cost of 4 panels =f 4 x $500 = $2,000. 
. Cost of* 5 panels = 5 x $480 = .$2,400.^ 

Marginal cost > of = -Cost of 5 panels 
fifth panel • Cost of 4 panels 

; , = J 2, 400 $'2,0 00 

' * . ='$400. ' ^) 



HOW TO USE MARGINAL ANALYSIS 

It is obvious to the energy specialist that expendi- 
tures are economically*. feasible, as long as cost savings 
are greater th'an costs. With respect to marginal analysis,- 
additional units should be added as long as the^ marginal 
cost of tHe unit is less than the^ marginal cost savings 
of the unit. This will occur up to the point where the 
marginal cost savings are equal to the marginal cost. Cost 
savings will decline as more afid more units are added; and, 
eventually, they will approach the marginal cost of adding 
extra units. 'As long as the marginal savings exceed the 
marginal cost, it- is economically sound to add another unit ; 
Only when the marginal cost becomes equal to^ the marginftL • 
savings will adding another unit lose money. The, process, 
of comparing marginal cos't and marginal cost .savings is 
shown in Example D. ? / ~ * 
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EXAMPLE D:^ MARGINAL ANA£f5lS AND THE. PROPER 

* „ AMOUNT OF INSULATION. ' \ - 



Given: 



4 



The marginal cost and cost savings o'£ insulating * 
the attic<o£ a home with different thicknesses of 

r 

— insulation are as follows: 



Amount of 
Insulation. 
(in inches) 



Marginal cost \ 
per sq ft of 
last inch 



Marginal cost 
sayings per_ 
sq ft of 
last inch 



. 1 .. 


$0.07 




■ $1.50 


2 


0.02 




0.50 


<3 


0.02 




0.20 


4 


0.02 


* 
« 


0.10 








0.07 


6 


0.O2 • 




0.05 


7 ' 


^0.'O2 




. 0.03 


8 


0.02- 




0.025 


9 


0.02 




, . 0.015 



Find: The proper amount °£ insulation .to install. 

Solution* The proper amount is where ^miVginal* .cost is equal 
| to marginal cost savings, , This occurs between' ' . ^ 

* the eighth and ninth inch of insulation, There- 
• fore, if the homeowner installs the eighth inch, 
the cost- sayings are greater than the costs. How- 
ever^ if the^xinth inch is installed, the cost. / 
of that inch is greater than the cost savings 
it generates, 'Since insulation cannot be bought 
byfthe half-inch the least profitable 'inch- to 
install in this case is the eighth inch. There- 
fore eight inches of insulation shouldjie* installed, 
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When all energy conservation opportunities have been 
implemented up* to. the point- where the marginal cost of the 
last unit is equal . to its marginal cost savings, t then energy 
conservation past that point would be unprofitable^ 

""Marginal analysis normally is> applicable. when .money 
which is to be sp'ent on energy conservation .cpn be spent % 
on various amounts of some product, such as insulation or'* 
solar collectors. To achieve maximum accuracy, marginal 
analysis should be applied to the smallest possible units*. 
For instance, it would be better to analyze solar cq^lectors 
b^>fehe square foot than by Some larger collector^ize - m 
such as 32 ft 2 - Economic principles can be applied to energy 
use and conservation because energy costs money. Not all 
techniques are relevant in all- 'situations, but every situa- 
tion will hav^costs and/or cost .savings that can be ana- 
lyzed us-ing the principles of energy economics. Acknowledge 
of these principles gives the "energy specialist the ability 
to determine whether a project should b"e implemented and 
to what extent. This module has presented sonf? background 

* • 

materials which can be useful in this process. 




- EXERCISES 

V 



PRICE 
'2.25 ± 

1,75 '\ 
1.25- 



Supply and Demand 

At a price of $1 . 75/1 /000 ft^ of natural gas, 
five comp'anie,s in the State of Texas will supply 10 
million ft 3 per day. If the pr:hce decreased "to 
,$1.25/1,000 ft 3 , the companies would §ell 3 million 
ft 3 /day/ If 5 
the price - in- 
creased to 
$.2. 2 5/10 O'O ft 3 , 
the companies. ' 
would.sell /17 
million ft 3 /day. 
Plot these, 
prices and'quan- 
tities supplied 
on the graph in 
Figure 8 . # . Con- 
nect .the points , 
with k 1 ine , 
herein referred 
to as, a supply curve. m 

The amount of gas that 'businesses and individuals 
in .the State of Texas will buy varies with price. Fol- 
lowing, is a demand schedule showing the quantities 
of l gas demands ° at- various prices. Plat the demand 
schedule on the graph in Figure 8. Connect the observa 
t ton* to form a demand curve. 

-Quantity demanded 
ClOl ft 3 /day) / 

10.5 - • • * 

18 - 



10 



QUANTITY ( MILLION ft /DAY) 



Figure 8. .Graph for Plotting 
Supply and Demand Curves. 
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Wha£ will be the price and quantity of the/ natural 
gas in Texas? * , • • 

Tf a new natural gas field is discovered* by 
one of the companies, the quantity of gas supplied 
at every price would increase, to the following: 



i 
i 
i 



Price » 

> $2.25 
' 1,75 
' • 1.2S ■ 



Quantity supplied (2) 
(10 6 ft 3 /day) . 

21 
14 
7 



Plot the new supply .curve , i 

b. The supply curve has shitted to the^t right , left), 

c. The shift in the supply curve will cause the price 

of gas in Texas to (increase, decrease) to 

(what level) , 
' r~ t \ ^ 

d. The shift in the . supply curye^will cause "the 

* \ 

market quantity of ga$ to (increase,, decrease) 
1 to s (what Ibvel) . 

e. " Discovery of new resources (increasing supply) 



can bV expected to .have what 
of energy? 

n 

Marginal Analysis 
% Fowl Foods is an independent, 



effect on the cost 



turkey -processing 
::ation rooms in which 
<bf -processed turkeys. 



plant- The planr has fjour refrig'e 
it v can store up to 800,000 pounds. 
These rooms are currently kept at \ temperature of 
27.5°F. The energy specialist is confident that Fowl 
Poods catt substantially save on it$ util ity" bills by 
raising the temperature in the ref t igerat idn units. 
However, 'there* is acquest ion unanswered: To what de'gree 
'should the temperature be" raised? 
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By considering the type- of cooling system, the 
cubic feet of air in the room, the average climate 
condition 'of .the region," and the cost of-fpel, it has 
been determined that Fowl Foods can save $4,000 • 

•y degrees raised) per year, per degree the tempera- 
ture is raised above 27.5°F. However, the quality 
control department maintains that the rate of spoilage 
of the turkeys will increase with the warmer tempera- 
ture '/ Based on historical data, the rate of spoilage 
can be calculated by the following formula: 



Annual # 

spoiled = 1,215 + (Temperature - 28°J) 2 (2 , 000) S 
turkeys 

At 27. 5° F, therefore the spo^age equals 
1,215 + (28.5°F - 28°F) 2 (2,000) 



or, 
or, 



a 



ERjC • 



1,215 + (0.5°F) 2 (2',000) 



1, 215 + 500 =. 1, 715 turkeys per year. 

At 29°F, the spoilage equals /\ 
^ ' Spoilage = 1, 215 + (29 - 28) 2 (2 ,000) 

• ' .= 1 , 215 + (1) 2 (2000) 
= 1,215 + 2,000 
• ^ = 3,215. 

The cost of each lost turkey is approximately 
$2. The marginal cost*\of raising the temperature 
from 28/5°F to, 29°F for Fowl Foods is (3,215) - 
'\ ■ (1, 715) = (1 , 500)(;$2) = $3, 000 . 
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New* spoilage - old spoilage = (marginal spoilag^) 
(cost/unit) = marginal cost 

The cost savings from rai sing the temperature 
from 27,5°F to 29°F =* 4 , 000 ^/TTF = $4,898.98, 
Since $4,898,98 > $ 3 , 000 , ^thg (temperature 

should be raised^to at least 29°F, \ 

v 
v 

Calculate the spp4i"age at 30°F, .What' is the mar- 
ginal spoilage/over 29°F? What is the m'arginal 
cost of raisings the temperature to 30°F? 

Calculate tl^_ cost savings of raising the 

^temperature from 29°F to 30°F. Should the temper^- 
tujfeLbe raised to 30°F7 



c . Calculate the spoilage at 31°F.. What is the mar- 
_ ginal spoilage over 30°F? What is the marginal 



cost of raising the temperature to 31°F? 

Calculate the cost savings of raising the 
temperature from 30°F to 31°F. Should the tempera- 
ture be raised to 31°F?_ 



uc 
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GLOSSARY 



\ 

Cost minimization : A method of increasing, profits by mini- 
mizing the -amount of cash a business 'must spend. # • 

Demand : A quantity established by customers who want ?nd 
are able to buy a product at specific set prices. 

Demand-price : Tjie relationship between h'ow muoh of a pr6duct 
consumers want>to buy and the "price of that product. 

Direct cost : A cost that involves the actual spending of * 
' moneys • 

Economic efficiency : The energy transfer achieved by a 
— ; device or systejn, divided by the dollar cost of energy 
input to^ the device or system. > ^ 

1 Efficiency : How economically and effectively a system uses 
energy. % i 

Energy Economics : The dollar .comparison between .various 

energy conservation alternatives to determine the ex- 
v tent of energy savings (reduced costs) that each alter- 
native will produce in relation 'to the dollars expended, 
to put the alternative in place,. 

, Free market : A situation where consumers who want to buy 
a product and producers who want to sell that product 
communicate with each other and bargain ab^ut the price 
of that product ... 

Indirect cost : A cost that is incurred when a business, 
~~ 7 or individual performs a task rather than paying to 
have it performed. It is the amount of money that 
1 -could have been earned .during the time it took to per- 
form the task. 

Marginal, analysis : A technique that emphasizes the incre- 
mental benefit and. cost of an additional project or 
decision. 

Marginal *cost : The cost of adding the last unit to an 
• energy system. • - 1 

' Marginal cost savings : The dollar savings that result from 
adding the last unit to an energy .system. 

Market demand : The total amount all possible buyers will , 
! want to buy at each pessible price. It is the sum r . 
of all individual demands. 
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Market price : The price at which consumers are willing to 
buy exactly the amount the producers are willing to 
sell. It is determined by the intersection oi the 
supply and demand curves. 

Market supply : The total amount of a product that will 
— be for sale in the market attach of a set of prices. 

Profit : The amount of money paid to a business for the 

goods or services it sells (total revenue) , minus the 
amount' of money the business 1 must pay out in operating 
expenses (total cost) . 

Prpfit maximization : Achieving the' greatest difference be- 
tween total revenue, and total cost. 

Recurring' cost : Costs "that_ aj^^a A^Qn__&_j^£^ 
over a specified period of time. 

Resource : A commodity used in any part of production. 



Supply : How much of a product producers will sell at each" 
of l a number of different prices. 

Supply curve : The graphic representation of the, direct 

relationship that exists between the price of a good 
or service and the quantity of that good or service 
supplied 'by the producers. 
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INTRODUCTION 



This module intrjoduces the student to several funda-- 
mental f-echnique^ used to analyze the costs and cost savings 
of energy projects. These techniques enable the student 
to understand the ''.important relationship that exists between 
time and money and why this relationship must be considered 
if^ costs "and cost savings are to be analyzed accurately. 

• PREREQUISITES 



The studeftt should have a good understanding of basic 
algebraic. functions and should have completed Module EE-01 
of Energy Economics . 



OBJECTIVES 



Upon completion' of this module, the student should be 
able to: 

1. Define the following terms: * . x 

a. Principal. , • 

b . Interest . w 

c. Interest rate. 

d. Time period. 

e. Futur.e value. & 

f. Compounding. 

g. Cost escalation. 

h. Present value. ' - 

. i. Discount r^fce. . ' . 

2. Explain the time value of money and why it must be < 
considered in the analysis of the costs and cost . 
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savings of energy projects. 

3. Know when to use the following: 

a. Future value interest factor. 

b. Present value interest factor. 

» 

4. * Given the proper information, compute the following: 

a. * The future value of .any amount, 

b. The present value of any amount. 

.5. Give and explain the information needed to calculate 
cost escalation. 

e 

6. State the relationship between future value and .the 
following: * 

a . Interest rate . f 

b. Number of time peripds. 

7. State the relationship between present value and the 
following: 

a. Interest rate. 

b. s Number of time periods. 

8 Read-, in t e r^y r-e-t- ? -~ a^-d- u s e--t h e ^ f o 1 1 o w ing-4 v 

a. The Fu'ture Value of $1 Table.* . 

b. The Present Value of*$l Table. ' ^ 

9. Calculate future values and present values in situa- 
tions where time periods shorter than one year are 
- involved. - * 
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SUBJECT MATTER 



PRINCIPAL AND INTEREST 



Before money is considered for investment, in energy- 
conservation measures, it is important to consider what 
occurs when money is deposited in a bank account. The basic 
concepts of this are understood more easi-ly when the following . 
terms are defined: 
- • Principal : The amount of money necessary to replace, - 
install, or modify- an existing' energy system. It is , . 
always a dollaf amount, "Principal can be calculated 
by answering the following question: If a business 
♦has no money of its own, how much would it have to 
borrow from a bank to replace, install, or modify ^ 
the system? . 

Interest : A dollar amount paid to the lender from / 
the borrower for the use t of the>^Lender T $ money. 

• Interest rate: A percentage f igur£>jisually between 
5 and 20, that indicates the portion of the *pr inqipal 
that must be paid in interest over each time period, 

A 10% interest rate on a $1000 loan means 'the borrower 
* .-must pay 101 of $1000 (10% "of $1000 =* 0,10 x $1000 * $100) 
for..the use of the money ^for each *time period until 
the $1000 *is repaid. Equation 1 can be used to deter- 
mine the, amount of interest a borrower will pay. a lender 
■ after any 1-year period., '(Interest and interest ^rates 
are further illustrated in Example -A,) 

• - ' 

. s . - V . 

Amount of interest Amount in account interest 

paid after any = at the start of x _ _ Equation 1 

rate 

1 year - • the year 



\ 
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• Time period : The length o£ time with which the jfnterest 
rate is associated. In most cases, the time period is 
expressed in years — the indicated percentage of the 
principal must be paid 'for each year the principal is 
borrowed. When- time periods other than years are used, 
the appropriate interest rate figure is annual interest 
rate divided by *the number of time periods per year. 
For example^if the anmial^int er es t rate is 18% and one 

is trying to calculate monthly interest the «levant 

t 1 8 £ * *^ 

interest rate is jy 1 = 1.5%. The 12 in the denominator 

comes from the number of months in a^year. 

The relationship of thq, above .defined terms is illus- 
trated in Figure 1. 



PRINCIPAL 

(-Amount 
Borrowed) 



TOTAL 
AMOUNT 
OWED 




PRINCIPAL 

(Amount 
Borrowed) 



LENGTH OF 
•TIME MONEY 
IS BORROWED 



Figure 1. Re,latioilship, Amoftg Principal 
- lUfcere^t (Rate)f^Smd Time*. 

The definition of interest rate implies that the amount 
of interest associated with'edclt year is,ttie same. * Futher- 
more, this amount is determined by the interest r^te; the 
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higher the rate, the higher the interest charge will be for 
each-year • the principal is borrowed. 

Whenever money is placed in a certain kind of bank 
account, it draws interest- The money draws interest be- 
cause the bank borrows the money from the person having the 
account.. Therefore, when individuals or businesses-.have a' 
sum of.money that is not needed immediately*, it may pr^v^to 
be advantageous ,to deposit ,the money in a bank account that 
will allow the money to earn interest. The result, of course 
is more money. To summarize, costs and cost sayings from .en- 
ergy conservation projects should be analyzed as fpllows:^ If 
the "amounts of money are to be kept over some period of time, 
or received after some period of time has elapsgd, it is 
necessary! tp consider what would happen if the money were 
drawing interest instead of being investeds^ energy conser- 
vation measures,* Depending on the interest rate, this method 
of examining costs and cost savings can have an important 
effect cnr^aecision making. 



TIME VALUE OF MONEY 

• % » 

t t 
Consider t.he energy specialist who is debating the in-' 

stallion of plastic tint for all windows in a particular 
build-ing. The building has 1500 square feet -of glass, ar.ea, 
and since the cost of installation Would be. $1.50 per square 
f6ot, the total installation cost Would tre $1^30 x 1500 = 
$2,250. How much money (in the form^of lower fuel bills 
because of reduced energy usage) must the plastic tint save 
■ the company to jujstify the $2, 250 installation cost? Obvi- 
ously, -the tint mus.t save at least "$2,250. But what about 
the time period's between the initial cost and the reduction 
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in fuel bills? Indeed,- v time is a. very important factor in 
energy conservation decisions. 
„ , Suppose this procedure* would save $225 per year for 1 
10 years. Then the total savings would be $2, 250 , and the 
cost would equal the cost savings if the time element is 
/^ignored. The time element cannot be ignored, however, for 
the following reason: If the owners of the building were 
to take the $2, 250 now and deposit it in the /bank, then 
the entire $2, 250,>would immediately start - " earning int-erest 
(money). On the ofcher hand, if the plastic tinting is in- 
stalled, then only ]$225 can be deposited in the bank the 
first year to earn {interest . Since $225 will be added qach 
year (for a total of 10 years), the amount in the bank will 
increase to $45^0 the second year, $675 the third year, and 
>o forti^^JtTviously , the owners would prefer to have $2,2fjf0 
-In the bank .earning interest every year than some amount 

less than $2,250, since the amount of interest earned is 

# 

a percentage of the amount in the account. Therefore, in 
^tbis- particular case, the installation of the plaa_tic__lJJliji 



ing is not justified. 

The situation just described is an example- of time 
value of money t A* very distinct and persistent rfelj/tion^ship 
exists between time and money. One dollar now i$ ^'orth 
» more than the guarantee of the receipt of $1 at some tiihe 
in the* future. This is true because of the following : / One^ 
dollar now can be placed in the bank tp earn interest./ When 
fhe designated time* in the future arrives, the interest 
earned will have resulted in a total amount greater than 
the original $1. -If the interest rate is 6%, after cme 
year, $1 will have an earned interest of 6 cents,* and the ■ 
resulting $1.06 is preferable to the 1 " guarantee of th/e receipt 
'of just $1 one year from now. This is 'the difference between 
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an amount of money now and the guarantee of the receipt of 
the same amount later. Therefore, irvterest provides the/ 
link between present dollars and future dollars. This reijlaX 
tiohship between time and ^noney is Illustrated in Figure 2 
and Example A . N 



Zh 

■3 



Original 
Amount in 
Account 



Present 



1st; yr interest 



Original 
Amount 'in 
Account 



2nd yr interest 



1st yr interest 



Original 
Amount in 
Account 



1 yr from 
now 



2 yrs from 
now 

TIME (YEARS) 



3rd yr interest 



2nd yr interest 



1st yr interest 



Original 
*Amount in 
Account 



3, yrs from 
now 



Figure 2. "The Time .Value of Money. 1 (Accumulation 
of, an Amount Placed in ^ v Bank lAccount , ) 



Notice that por each year the banK keeps the money 
it must pay interest to the owner of the money. The amount 
of interest the bank must pay the lender depends on the 
rate of interest,- principal, and time the' money is deposited 
in the bank. The 'following equations liquation 2) is offered 
as evidence: \ 



1 

I = prt 



Equation 2 



where 



I 
P 



Interest . 
Principal 



er|c 
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r, = Rate . 
t = Time. 



In most situations, it is important to know the exact 
amount of money that will accumulate in the bank amount. 
Example A will, explore ttfis question. 



f 

s 
s 
s 
s 
t 



E)C&tPLE A: 



INTEREST AND INTEREST RATES. / 



Given: Fifty dollars -is deposited in a bank account. 

Find: ' The -amount of interest that would be paid pn the 

♦ - - ' i 

$50 each year if the interest rate were a3 follows 

a..- ... S* . ' j 

b.„ 101 
' c. 1-5* 

Solution: An interest' rate can be expressed as a deqimal 

' figure for use in. calculations. For 5%, usse-O.O.S; 
^e^-4-^—use 0 . 3r^-a^d^£o r 15%, u s eJKIS . j Eqna- 



tion 
a . 

c 




an be used as'follows: '• N 

Interest paid _ Amount in account 
after 1 year at the start of 

the year 

^ = $50 x 0.05 

= $2.50 



Interest 
\rate 



interest paid $5Q q 
after 1 year 



10 



• $5.00 



c. 



interest paid . 'J so X ' 0 .15 
after 1 year 

= $7.50. 



) 
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FUTURE VALUE OF A FIXED AMOUNT 



The future value of an amount of ;noney is the dollar 
figure the amount will become if placed in a 'bank apcount 
Nfith a particular interest rate for a certain time period 
"(usually years) . Consider the following situation where, 
$500 is deposited in a bank account that pays 1% interest 



"per year : 




The accumulation of the 



be in the account af t^r^JQyears . 

* $"500 proceeds as follows: ; 

• The first year, the account will draw interest equal ^ 
to $500 x 0.07 = $35. Therefore, at the end of the 
first' year, if this interest were, left in the account, 

" the- account would .contain $500 + 435 = $>535. 
. •' The second year,* the account would draw inter-est on 
this $535, and, the- interest 'drawn would equal 
' $ 5-3 5 x 0. 07 = $37 .45. Therefore, at the end of the \jP 
second year,' the account would contain $535 + $37.45 = 
$572.45.. . y 

• The third year ? the' account would draw interest equal 
to $572.45 x 0.07 = $40. 07 . Therefore, at the eruTof 
the third year, the account would Contain $572.45 + 
$40".07 = $£12 .&4. • 

• The fourth year, the account would draw interest equal 
to $612/52 x 0.-07 = $42.88. Therefore, at the end of 
the fourth year, the account would .contain $612.52 + 

* ■ $42.88\f $'655 .40 . 

The bank! account -that begins at $50'0 will accumulate to 
$-655.40 in 4-ye>rs. When large amounts of money are involved,, 
the' time aspect becomes more important. In energy economics, 
the time- value of money i-s' an important consideration in the 
decision-making process. 
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COMPOUNDING PROCESS 

* 

In the preceding example, each time the interest was 
earned,' it was left 'in the bank. In this way, interest 
earned in 1 year couid itself /earn interest the neuct year. 
This is called compounding. Compounding is the process where- 
in the interest earned on an amount of money earns interest 
^frs^JrfHHi— the fell-owing t-ime periods,. If the compounding 
process is allowed to continue each time period, the sum will 
accumulate much faster. Compounding will not occur if the 
interest earned each time period is removed from the account 
as it is earned - in this case the ^mount in the account .will 
remain constant* The procedure - with regard f'o calculations 
made for energy-project decisions — is to tfeat each amount 
as if compounding would ot^cur . This* provides a more accurate 
reflection of the time valiXe of money. • 



EXAMPLE B: THE COMPpUNDING OF AN AMOUNT. OF MONEY. 


Given: 


The -owner- of _ a building sells a use*d compressor. 




for $200 and deposits. the money in a bank account. 




Th*^ interest rate is 8L : 


Find: • 


% The* amoiint of 'money in- the account after 3 years 




if the interest earned is not removed from the 




account^ 

» 


4 


• 




* * 




t 
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Example B. Continued* 



Solution: Recall Equation 1, and use it for all 3 years: 

Interest paid^ ' Amount in account interest 
after first * = at the start of x rate 
year the first year 

= $200 x 0.08" 

= $16: ^_ 

Therefore, the amount in the account after. 1 
year is equal to $200 + $16 = $216. b . 



rate 



Interest paid _ Amount in account Interest 
after second ~ at the start of x 
year ' the second year 

$216. x 0.08 

= $.17.28. 

Therefore, the amount in the account after the 
second year is equa> to $216 + $17.28 = $233.28, 



Interest 
rate 



^Interest paid _ Amount in "account 
a^fter third - ~ at the start of 
year ^ »the third, year 

= $233.28 x ^0.08 

= $18.66. 



Therefore,, the amount in the account after the 
third year is equal "to $233*28 +.$18.66 = $251.94 



FUTURE VALUE OF $1 



With respect to the future value of an amount, consider 
what v happened to the original $200 in Example B. First, the 
$20 was multiplied by the interest rate (8% = 0.08). This 
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product was then added to the original amount, and ths sum ♦ 
at the end of the first year was obtained. The amount pres- 
ent at the end of the first year was multiplied by the in- 
terest rate and tjien added to the ^amount which was present 
at the end of the first year. Thus, the amount present' at 
the end of the second year was obtained, The same process 
was used for the third year. 

The process wherein an amount is multiplied by some nunV 
ber and that product is added to the original amount is the/ 
process which is repeated when an amount is compounded. The 
first year of the preceding process is given by ($200 x 
0.08) + $200. Now observe the following mathematical manip- 



ulations : 




1 ($200 x 0.08) + $200 = ($200 x 0.08) + ($200 x 1) 

"= ($200 x (0.08 + 1) 
= ($200) x ^(1.08) . 

The result here is 'that the original amount is multiplied by 
a number that is equal to one plus the interest rate (1 + r) 
This principle can .be expressed as follows: 

'Given an amount in a bank account at> a cer- \ 
tain tin^s period, the amount in the account, 
1 year later is equal to the product of the 
original amount and a number equal to, one 
plus the "rate of interest (1 + r) .' 

This principle applies not only for the first year, but for 
each year thereafter.. Since the amount at the end of the 
first year is equal to ($200* x 1.08), the amount at the end 
of the second year would be equal to ($200 x.1.08) x.(1.08). 
This process is illustrated in Figure 3. • / 

i • . . 

4t - 
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$200 

Starting 
Amount 

Amount After 


x |Sl.08| 


x $1. 08 


x |S1.08 


First Year 






Amount After Second Year 


Amouivt After Third Year 



-Figure 3. The Compounding of $200 for 3 
Years ~ wTtfTTnter est "Rate 8$. 



Now consider the case where $1 is deposited in a bank 
account that earns interest at a particular rate. (By using 
the letter r for rate, the formula obtained will be,- applica- 
ble for ail rates. of interest.) The principle stated previ- 
ously still .applies although the multiplication is .much sim- 
pler since the original amount is $1. Figure 4 is similar to 
Figure 3, although the original amount is $1 and the interest 
ra^te is expressed as r. 



SI 

Starting 
Amount 


x |1 ♦ r| 


-x |1 * r| 


x I ♦ r| 








Amount After First Year 




* j* 


Amount 'After Second Year 


* , Amount After Third year 



Figure 4. The Compounding of $1 for 3 
Years with Interest Rate r. 
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It should be clear that the dollar amount present after 
X year 1? simply (1 + r) . Similarly, the amount present 
.after 2 years is (1 + r) x (1 + r) = (1 = r) 2 . Note that 
this process can continue beyond 3 years for any length of 
time. All that is required i? to multiply the amount in the 
beginning of last period by (1 + r) . In the special case of 
$1, the amount in the -account after a number of time s periods 

— (n) is equal, to (1 — ^-r3 JI r — Thu s^-the— f-i-r s t formula is as 

follows: ~ . — 



FV n ($l) = (1 + r) n Equation 3 



where : 



FV n ($l) = Future value of a present amount $1 
after n time periods (usually years) 
in a"bank account. 
Interest rate. 

Number of tvp*e periods the dollar 
accumulates. 



r 



Given: 

Find: 
Solution: 



EXAMPLE C: FUTURE VALUE OF $1 



One dollar has been deposited in a bank account, 
earning 8% interest. 

The .amount in the account after 3 years. 
FV n ($l) = (1 + r)n *• 

= (1 + 0.08) 3 

= (1.08) 3 

= $1.26. 
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FUTURE VALUE OF AMOUNTS GREATER THAN $1 

When wofking with original amounts of more than $1 
(which will normally be the case), consider. the following: 
The process that has been described previously will occur 
with each dollar originally present. Therefore, all one 
must do is calculate the future value of $1 over the same 

tim e p e rio d- , using the - sam^i-n- teres* r a te . — Then multiply _ 

this figure by the original amount to obtain the future value 
of that amount instead of $1. For instance, in Example C, 
if $50 had .been deposited in the account, then each of the 50 
dollars would have beeri worth $1.26 after 3 years. Therefore 
the total future yalue of the $50 would be $50 x 1.26 = $63. 

HOW TO READ THE' FUTURE VALUE OF $1 TABLE" • - 

Table 1 gives, the future value of $1 accumulated for a 
given number of time periods (years) at a given interest 
rateA This table, called Compound Sum of $1 Table, because 
of the compounding process that takes place, is used as 
follows*: . ' • • 

- — Find- -th« -appropriate interest- rate column 

• Find the appropriate time-period column. 

• Find the entry where- t^he ,row (time) and the 
column (interest) intersect. 

This number is the accumulated value-'of $1 left in a bank 
account at the given interest .rate for the given time period. 
Once this number is obtained, it can be multiplied by the 
original dollar amount to obtain the accumulated future dol- 
lar -value of that amount. For this reason, an entry from the 
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TAB If E 1. COMPOUND SUM OF $1. 



Number of 
Periods 
(Time). 


— Rate of Interest 


6% 


7% 




9% 


1 ) 
2 

. 3 
' 4 


1.0600 
1.1236 
. 1.1910 
JL. 2625 


1.0700 
1.144*9 
1.2250 
1.3108 


1.0800 
l.*1664 
1.2597 
1.3605 


1.0900 
1 .1881 
1.2950 

XT4TK 



Compound Sum of $1 Table is often the Future Value Interest 

Factor (FVIF) for the particular interest rate and time pe- 
— — — ~ —— > v 

riod. (A number is said to be a factor if another number, or 
group of numbers, is multiplied by it,) The preceding exam- 
ples 'o£ $50 placed in a bank account for 3 y^ars, when the 
interest rate is 8%, will be -worked now by using the preced- 
ing section ^of the Compound Sum of $1 Table. 

The appropriate column to use is the one under 8%, and 
the appropriate row to use is the one labeled, 3, since the 
period is 3 years. The entry wherein this row and this col- 
umn intersect is 1.2597; thus ] each dollar of the original 
~$5tr~w ill' a c cumuTa t^ ~t o~~£Tt2:S 97 . '~ Th er e f ore- the™t ot a 1 amo tin t 
in the account, after 3 years, is given by (1.2597) x $50 = 
$62.98. (Due to the rgunding of numbers, this answer is 
slightly different from the one previously obtained.) With 
reference to Equation 2 and the preceding conclusion, the 
formula'for the future valufe of ja present amount ($P) , which 
draws interest at a rate r for n* time periods, can be given 
•as follows : 



62 
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FV n ($P) = $P x (1 + r) n 



Equation 4 



where 




FV n ($P) * Future value of a present amount ($P) 
after n time periods, 
r s Interest rate. / 

n - .Number of time" per iods th e amotmt $P 

accumulate s,_&t._ interest rate r , 

Recall from Equation 3, however^, that part* of Equation 
4 - (1 + r) n — is equal to the compound sum of $1, which re- 
ceives interest' at a rate r for n time periods. This amount 
for different . time periods, and interest rates is what com- 
prises the entries in the Compound .Sum of $1 Table. This 
amount is also the Future Value Interest Factor (FyiF) J for 
the appropriate number of time periods and the appropriate * 
interest rate. Therefore, Equation 4 can be rewritten as 
follows: 



where : 



FV n ($P) = $P x FVIF (n year, r) Equation 5 



FV n ($P) = Future value j)f. a present amount $P after 
that amount has, accumulated in a bajrik 
•account fo* a^gjlven numbex of years with 
a given interest rate. • * 
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FVIF (n years, r) - 



Future value of interest factor, 

or the future value "of $l, if it 

accumulates for n* years 'when the 

interest rate is \% (the samq n 
i 

and r v*ich' apply -to the amount 
SP) . 



EXAMPLE D:~ FUTURE VALUE OF AN AMOUNT- GREATER Tf^N %\. 



Given: An. amount of $2.6, 500 is Iplaced in a bank account 

with an interest rate o£ 9$. 
Find: The amount in the accourit after 4 years. 

Solution: Recall Equation 4 as follows: 

FVn ($26,500) = $26,500 x FVIF (4 years, 9%) 
From Table 1, 'FVIF (4 years, 9%) is obtained 
J to be 1.4116. Therefore, 

FVn ■ $26,500 x 1.4116 . 
= $37,407.4,0. 
V . 



Tfr£~~PVTF me t hod fu r de lrermi^-irtg^Eu-tur^ va-tue--^nvo-l-v^ : 



much easier calculations .and shbul-d be used whenever possible 



OBSERVATIONS CONCERNING THE FUTURE VALUE OF A FIXED AMOUNT' 

Close examination of the more complete -Compound Sum of 
$1 Table at the end of this module (Data Tabije, 1) will reveal 
two facts : / % * 

j 
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• Amounts 'accumulate faster at higher interest rates, 

• Longer time periods resuU: in greater accumulation. 

The first fact applies because a higher interest rate means 
that & larger .percentage of the original amount\ will be earned 
ea$h year-. Since, the accumulation of 1 year will also earn- 
interest in subsequent years, the total amount will accumu- 
late faster at a higher ratje of interest- The second fact 
applies because earnin gs^ from each additional ye^r of inter- 
est add to'thfc total sum. The relationships among rate of 
interest, accumulation ; and-^tjjne_are given in Figure— S-..and. 
illustrated ^n Example E. * 
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Figure 5. "Future Value of $1. 
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EXAMPLlE E: FUTURE VALUE OF A FIXED 
AMOUNT GREATER THAN $1. 



Given ; 



Find : 



Solution 



4 



*A^business decides to buy two solar collector* 
panels at $1000 each and has the option of pa^r . 
ing $2000 now or $3000 5 years- from npw. The 

% relevant interest rate is 10% • 
The payment plan that will minimize the cost 
the business must pay, using Data Table 1 at 
the back of this module. 

The future yalue of $3000 ^o be paid in 5 years 
is $3000. The future V.alue of $2000 present 
dollars, 5 years from now, is calculated as 
follows (by using Equation 5): 

.FV S ($2000) = $2000 .x FVIF (5 years, 10%) ^ 
= $2000 ** 1.6105 
= $3221. 

FVIF (s/ years, 10%) is obtifirted from Data Table 
1. mus, the .future valu<Aof (the $3000 payment 
in 5 years ^T" less than th>A$y000 payment now, 
and the business could waitJ5 years and pay 
$3000 -to minimize the cost/ Instead of. paying* 

■ $2000, now, the bus iness/could put the $2000 iri- 
a banV account drawijarg 10% interest per year. 
After 5 years, the business would have $3221 

. in the. account and'could pay the $3000 and use 
the remaining $221 for something else. If the 
$2000 is paid now, ^he business, in effect,, loses 
$221. 
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COST ESCALATION > \ v 

A very useful and important application of future value 
is the concept of cost escalation . Cost escalation is a 
method that considers the fact that the price of something 
will rise in the future, 'One area where cost escalation is 
most likely to occur is the price of energy. As shown in 
Table 1 of Module EE-01, prices of energy are rising, and all 
indications ^po int to -t he pas^tM -irrty^o^trheiir continued in- 
crease in the future. If the price of some Mrm of energy 
(electricity, for example) is expected to increase a certain 
percentage, each year, then the same thing happens to the 
price of that energy that happefis to an amount of money that 
is deposited in a bank account drawing interest at an inter- 
est rate equal to that percentage. Intboth cases the origi- 
nal amqurft is increased by a. constant percentage each year, 
: Suppose the price of gasoline is 65 cents per gallon. If the 
, price is expected to rise 15% during the next year, then the 
amount of the increase will equal $0.65 x 0.15 - $0.0975. 
Thus, the price of gasoline after 1 year would be $0.65 + 
$0.0975 .(approximately) = $0.75 per gallon. Future value 
interest factors can be used in calculations of thifs nature, 
and the process is exactly the same as. that used to find the 
-future value of— a- fired- amount-. — The- -pro cess will also tfork 
for values less than $1." The following equation (Equation 6) 
can be-Used when' the rate of price increase is known: 



Price^flf a certain - . ^. 

^Ttt^ljy^ 5 ' Present price v FVIF. 
.whe£ the>rice is = £ the item x (n r) 

increasing r per 

year " Equation 6 



9 

ERIC 



67 



EE^OZ/Page 21 



where : 



FVIF (n years, r) = 



P^try. frm^ t Tip Compound ' Slfm o£ 

Tabl^/ which gives the .vali^ 
ofHi if it is ^increased by r 
-per year for n >iears. 



EXAMPLE F: ESCALATION OJF ENERGY' COST. 



TJTv en: The p'rice of n atui^ai gas in Louis i an a" is £2t1T0 

per 1000 J: 3 and w(ill increase 121 per year for 
the next^lO years, x 

Find: & The' price of natural gas in Louisiana after the * 
following years : 

a . 1 year . y * * j * 

b • 6 years . 

c . 10 yekrs . > < > 

Price of natural gas ' 
'^after 1 year when = Price now x FVIF 

it is increasing 12% (1 year, 12%) ^ 
per year , 

= $2,50 x 1,120*0 
= $2.80. 



Solution: 



/ 



b . Price af-t^r 6 
yeaxs 



c. a Price after 10 y 
years 



2.50 x^T7975F 
$4.93. \^ 

$2.50 x 3.JL058 
$7.76. 



<4 
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* „ Example F illustrates that cost increases are signifi- * 
cant, especially when the price t more than triples in 10- years 
When thfe costs and cost savings of an energy project are be- 
ing calculated, the possibility of rising prices must be con- 
sidered- It also should be point out that energy prices are 
not the only costs subject to increase. In fac;t, most prices 
in the -economy are increasing, but at a rate less than that 
of energy prices. The future price of anything can he deter- 
mined with the preceding techniques, if the rate of price 
increase is known. With regard to energy, information con- 
cerning the rate of price increase sometimes can be obtained 
from utility companies and other energy producers, 

CONCLUSION 

- ' Example E and the total concept of the time value of 
money point to' the fact 'that energy costs should always be 
compared with dollar amounts' of the same time period,. In 
most energy projects, the time period used is not some year 
in the future, but the present. The next section of this 
module deals with converting dollar amounts to be received 
in the future to equivalent amounts "associated with the pre- 
sent. 

"PRESENT VALUE OF A .FIXED AMOUNT 

Any amount of money %p. be received at* some point in the 
future is equal to the comppundj^um of another smaller amount 
'associated with the present. Thi>-!§maller amount in the pres 
ent is called the present value (V) of^that future\amount . 

- . - V 



A "good .way to visualize present value is to view it as the 
"reverse" of the future value process. 

In an earlier case, the future value of $50, drawing 
interest at* a rate of 8$ for 3 ^ears, was calculated to be 
{$62.98. (That is, $50 in the present will become $62.98 in 
3 years if it can accumulate interest at a rate of 81.) The' 
present value of a future amount can be determined by taking 
the amount to be received at some point in the future and 
determining the exact amount in the present that will accumu- 
late-" to tlvat future amount, given an interest rate and time 
period. Therefore, in the preceding case, present value 
of $62.98 (which would be accumulated in 3 years if the inter 
est rate is 8%) is $50. When a future amount is reduced in 
value to an equivalent amount associated with some earlier 
time period, it is said that the amount has been discounted , - 
and the interest rate used is called the . discount rate . 

r 1 

DERIVATION OF A FORMULA FOR PRESENT VALUE ' 

A formula for calculating present value can be derived 
by manipulating the formula already obtained for the future 
value of a present amount ($P) , which draws interest at rate 
r for n periods. The following formula for future value of 
a present amount was given previously as Equation 4: 

FVn($P) = $P x (1 + r)n 

Algebraically, it is possible to divide both sides of an 
equation without destroying the equality. In this instance, 
dividing both sides of the equation by (1 + r) n yields the 
following: 

m 
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* FV n C$P) 

^ \ r )n = $ p Equation 7 



Note that on the right side of Equation* 4 , (1 + r) n is divided 
by (1 + r) n , and the terms cancel on§ another,- Another more 
convenient way to write this equation is as follow?: ■ 



PV n($F) 88 r )n 'Equation 8 



where: 

PV n ($F) = Present value of some future amount $F 
9 to be received in n time periods,.-^ 
r - 'Interest rate, ^ 
n - Number of time periods, 

TftV reasoft .Equation 7 was rewritten is 'because the amount 
being dealt with' in present value calculations is associated 
with t-{ie future^ ($F) rather than the present ($P) . With 
Equation 8, the present amount nee N ded to result in the partic- 
ular future value can be calculated if the interest rate and 
time period are known; this figure is the present value of 
the future amount. , 
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EXAMPLE G: A PRESENT VAbUE OF $1. 



Given: 

Find: 
Solution; 



One dollar is to be received in 4 years. The 

interest rate is 4%., 

The present value of this amount. 



$F 



'py $f) - (1 y r) a 



(Equation 8) 



$1 



PV nC^) = (1 + 0.04) 4 " 

$1 . . 
" $1.17 

PV n ($l) = 8'5 cents.. 

Therefore if 85 cents is deposited in a bank 
account and receives 41 interest^per year, there 
will be. $1 in the account after 4 years. , 




HQW TO READ THE PRESENT VALUE OF $1 TAB 

>l ^^^^ 

As in the case of the compound* sum/ (Da«SsTable 1) , there 
is also a table from which the present v^Hue of pi can be 
read for various t'ime periods, and^nterest r^frtfs , as shown . 
in Data Table 2. The 4 procedure for using this table is the 
same as the procedure used with the .future value table: 

• Find the appropriate interest-rate column. 

• Find the appropriate time period v row. 

• Find the intersection of the row^nd column and 
read the entry. ^ 

This number is the present value of $1 n years 'in the future, 
discounted at' the' given interest ' rate . A section- of the 
Present Value of $L'Table is illustrated in. Table 2. 
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TABLE 2. PRESENT VALUE OF $1. 



MuniDer or 
Per iods 
(Time) 






Rate of 


Interest 






2% 


31 


4% 


5% 


• 2 " p 


0. 


9612 


0.9426 




0.9246 • 


0 


9070 


3 


. 0. 


0423 


0.9151 




0.8890 


0 


9638 


4 


P. 


9238 


0.8885 




0.8548 


0 


8227 


5 


0. 


9057 


. 0.8626 




0.8219 


0 


.7385 



( 

For Example G, the appropriate column to use is the one 
under 4%, since the relevant interest rate in that example 
is 4%. The appropriate row to use is the one labeled M 4," 

since the relevant time period is 4^yj^r ( s^_^^ ^ 

this row and thrs column intersect is 0.8548. Therefore, the 
present value of $1, to be received 4 years from now when, the 
interest rate is 4%, ^approximately 85 cents. 

\ 4 

.... ) 
PRESENT VALUE OF AMOUNTS GREATER" THAN $1 

Table 2 can also be used to calculate the present value 
of' future amounts greater than $1. Notice that for a given 
amount greater than $1, each dollar of'that amount has a pres- 
ent value equal to the amount found in the Present Value of 
$1 Table. Therefore, to utilize Table 2 for amounts greater 
than $1,. use the following procedure: 

♦ Obtain the time period and relevant interest rate.^ 

• In the table locate the present -value of $1 for this 
time period and interest rate. This is the PVIF.. 
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Multiply this PVIF by the original future amount. 
The product is the present value of that Amount. 

Since the entries from the Present Value of $1 Table * 
can be used to multiply by a future amount to get its present 
value, these entries sometimes are called Present Value In r 
terest Factors (PVIF). A particular factor associated with « 
an interest rate r and n year is designated by PVIF (n years, 
r) . Therefore, another equation f$»f£the present value of a 
future amount FV n ($M) is given as fdllows: 



PV n ($F) = $F x PVIF (n years, r) Equation 9 

< 

^"Kh'eTerr^^^- ^ ' ; — — — ir77T ~ z * * - - - - < 

PV n ($F) = Present Y^l ue of a future amount 
$F to be received in n years from 
the present. 
~ $F = Some future amount associated with 
a time period n years from jthe - 
g present . _ 

PVIF (n years, «r) = Present value of $1 to be received 

in n years when the' interest rate 
is r — also called the Present 
Value Interest Factor. 

This latter method (Equation 9) is much easier to use 
than that described by Equation 7. 



V 



Page 28/EE-02 



.74 



EXAMPLE H: PRESENT VALUE OF AN AMOUNT^ GREATER THAN $1. 

Given: A newly installed compressor is to be replaced 

,in 5 years. At that time, it li estimated that 
the compressor can be sold for $ 2*0 0 . The inter- 
est rate is 4%. 
Find: The present value oft the selling price. 

Solution: From Equation 8, recall. the following:, 

PV n ($F) = $F x PVIF (5 years, 1%) 

PV n ($200) = $200 x 0 .8262 
= $172.52. 

Thus, $200, 'to be received 5 years from now, 
is worth only $172.52 today. 



Previously, Example E showed a ^business that had the 
choice of paying either $2000 now or $3000 in 5 years, for 
two solar collector panels — with a relevant interest rate 
of 10%. The following calculations show how these amounts 
can be converted to present value and compared: The present 
value of ,$2000 paid now is just $2000. The present # *value of T 
$3000 5 years from now, discounted at 10%, is equal to 
(3000)/ (1. 10) 5 = ($3000) x (0.6209) = $1862.70. The figure 
(0.62,09), in this case, is just the present value of $1 to 
be received in *5~years, discounted back at 10%. . (The figure 
0. 6209 was obtained from Data Table 2.) The implication of 
these calculations is that paying $3000 in 5 years, when the 
relevant interest rate is 10%,' is exactly the same as paying x 
$1862.70 now. Given the choice of paying $2000 now or • 
$1862.70 now, the obvious choice would be to .pay the $1862.70. 
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This implies that the alternative of paying $3000 in 5 years 
should be chosen over the alternative, of paying $2000 now, 
since $1862 . 70 could be deposited in the bank now-and,^ in 
effect, would result- in $3000 in 5 yeaj^. Therefore, the 
savings are equal to $2000 - $1862.70 = $137.30 in present 
value terms. 

It may be recalled that in the first presentation of 
Example E, the savings associated with choosing the $3000 
plan were equal .to. $ 221 , to be received in 5 years. The 
present value of this amount, when the interest rate is 10%, 
is equal to ($221) % x (0.6209) o = $137.22 - which approximately 
is equal to the savings obtained by the other method. • (The 
slight difference between the two amounts is due to rounding 
of numbers.) 

The important implication of this example is that the 

present value^calculation and # the compound sum calculation 

to the same dollar amount, and, in both cases, the dollar 

• *. * * 

amounts were; converted to comparable tiffae periods. 



OBSERVATIONS CONCERNING THE PRESENT VALUE OF A FIXED* AMOUNT 

Careful examination of Data Table 2 (a, more extensive 
Present Value of $1 Table located near the end of this 
module) reveals two facts: . 

• If an amount is discounted back to a higher rate of 
interest, its present value is smaller. 

• The present value of an amount to be received in the 
future is -smaller the farther in the future it is to 
.be' received. 
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The' first fact is explained as follows: The present value 

* i> - — 

(original amount) is smaller at higher interest rates - the 
reason being that each year the higher interest rate result? 
in a larger percentage of the amount being added to' the sum, 
The second fact is applicable because a longer time period 
givesvthe original amount more time to accumulate. The more 
time the original amount has to accumulate, the smaller the 
amount can >be whei; it begins to accumulate. 'The relation- 
ships among present value, rate of interest, and time are 
illustrated in Figure 6. 




0 2 4 6 8 10 12 14 16 18 20 22 24 
- * YEARS 



Figure 6\ Present Value of $1. 
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SHORTER TIME PERIODS 

Occasionally, a situation will arise where a time period 
shorter than 1 year must be used. The following time periods 
are examples: 

1 month = 1/12 year 
1 week = 1/52 year 
1 day = 1/360 year 

Situations where these time periods are used are easy to 
compute with the Compound Si/m of $1 Table (and, thus, the 
Present Value of $1 Table) . \ These situations apply to time 
periods, not Just years. - The\ important thing tyo remember 
when using this table is that^the interest rate must always • 
correspond to the time period. For instance, an interest 
rate of 81 per year is not the same as an^interest rate of 
81 p'fer month. The easiest way to convert an interest "rate""" 
expressed in years to a shorter time period is to use the 
figures given previously. For instance, ^an interest rate of 
81 per year is the same as an interest rate of 8/12 = 0.67 
per month. (The appropriate number of time periods are used — 
for example,* one year -is 12 months, and so forth.) 'The fol- 
lowing example (Example I) shows how this technique can be 
useful : j 
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EXAMPLE I: SHORTER TIME PERILS AND COST ESCALATION* 



Given 



Find 



Solution : 



A homeowner's electricity bill in January* is ,$35. 
The'price of electricity is rising at the Tate of 
121 per year. 

The homeowner^s bill in June (5 months later), 
assuming the use of the same amount of electric- 
ity and that j^tes increase monthly. " 
An interest rate/ of 12/12 = 1% per month; there- 
fore, the bdll will increase at the rate of 1% 
per t integer iod for five time periods. Recall 
Equation 6, and use the word "months" instead 
of "years," as follows: 



Electricity bill after 
5 months when it is 
increasing 1% per 
month 



Present v FVIF (S^months, 



bill 



\% per month) 



$35 x 1.0510 
= $36.79. 



The techniques presented in this module provide the 
fundamental skills necessary for accurate analysis of the 
costs and cost savings of energy conservation projects. 
These techniques must be firmly understood by the energy 
specialist. \ 
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EXERCISES 



J, steam-tracing line has- a one-eighth inch diameter 
hole from which steam is escaping*- The plant uses 540 
million Btus V per year to heat the steam lost through 
this hole. > 

a. At $ 1 • 2 Q per million Btus (MBtu) , what is„the 
cost of the leak to the plant? 

b. ' If the inflation rate is 6%, what would be 

the cost to the plant next year if the leak is 
unrepaired? . . 

c. If the inflation rat^e is 6%, what would be- 
the cost to the plant 4 years from now if 

the leak is unrepaired?- What is the present . 
value' (PV) of that cost? 

d. Complete the- chart in Figure J. 

e. Use the chart in Figure 7 to, answer the 
fclllo^ijig. questions : 

(1) Which alternative^ A,,B, or C, has 

the greatest total losses? 
_(2) Which alternative has the greatest 

•sum of PV of losses? 
(3) What factors cause the sym of PV 
♦ . of losses to differ from total losses? 
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Figure 7. Annual Loss Chart, 
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DATA. TABLE 1: FUTURE VALUE OF $1 (FVIF) 



0»» 



I 

o 
' (0 



.1% 



2% 3% 



4% 



S% 



6% 



7% 



9% 



10% 12% 14% 15>i 16% tt% 20% 24% 28% 32% 36% 



7 
3 
9 

lO 

12 
13 
U 
15' 

16 
17 
13 
19 
20 

21 
22 ' 
23 
24 
25 

26 

27 
' 28 
29 
30 

40 
50 
60 



1 0100 
1 0201, 
1 0303* 
1 0406 
1 0510 

10615 
1 0721 
1 0829 
, J 0937 
1 1046 

1 1157 
,1 1266 
1 1381 
1 1495 
i :6io 

1 1726 
1 1843 
1 1961 
1 2081 
» 2202. 

1 2324 
1 2447- 
> 2572 
.1 2697 
1 2824 

1 2953 

1 3082" 

1 3213 

1 3345 

1 3478 
» 

1 4889 
1 8446 
» 3167 



1 0200 
1 0404 
1 0612 
1 0824 
1 1041 

1 1262 
1 1487 
1 1717 
1 195» 
1 2190 

1 2434 
1 2662 
1 2936 
l 3195 
I 3459 



10300 
1 0609 
1 0927 
I 1255 
1 1593 

1 194: 
1 2299 
1 2668 
13048 
1 3439 



10400 
1 0816 
1 1249 
1 1699 
1 2167 

1 2653 
1 3159 
13686 
1 4233 
'l 4802 



1 3842 1 5395 
1 4258 * 1 6010 
1 4685 1 6651 
1 5126 1 7317 
1 5580 I 3009 



1 3728 .1 6047 1 8730 
1 4002. 'l 6528 1 9479 
1 4282, t 1 7024 20258 



1 4568 
1 4859. 



1 7535. 
18061 



2 1068 
2 1911 



} 519& 1 8603 2 2788 

1 54£0, 19161 2 3699 

1 5769 1 9736 2 4647 

1 6084 2 0328 2 5*33 

1 6406 2 0938 2 6658 



1 6734 
I 7069 
1 7410 
1 7758 
1 3114 



2$ 566 2 7725' 
2^213 "2 8834 
2 2879 2 9987 
2 3566 * 31187 
2 4273 3 2434 



2 2080 3 2620 18010 
"2 5916 4 3839 7 1067 
32810 53916" 10519 



10500 
1 1025 

1 2155 
1 2763 

1 3401 
1 4071 
1 4775 
1 5513 
1 6289 

1 7103 
1 7959 
1 8856 

1 9799 

2 0789 

£1829 
2 2920 
24066 
2 5270 
2 6533 

2 7860 

2 9253 
30715 

3 2251 
3 3864 

3 5557 
3 7335 

3 9201* 

4 1161 
4 3219 

7 0400 
11 467 
18679 



1 0600 1 0700 

1 1236. 1 1449 

1 1910 1 2250' 

1 2625 1 3103 

1 3382 1 4026 

1 4185 1 5007 

1 5036 1 6058 

1 5938 1 7182 

1 6895 1 8385 

1 7908 1 9672 

* 

1 8983 2 1049 

2 0122 2 2522 
2 J 329 2 4098 
2 2609 2 5785 
2 3966 2 7590 



1 0600 
1 1664 
l 2597 
1 3605 
1 4693 

1 5869 
1 7138 
1 8509 

1 9990 

2 1589 

2 3316 
2 5182 
2 7196 

2 9372 

3 1722 



2 5404 
2 6928 

2 8543 

3 0256 
3 2071 

9 3996 
3 6035 

3 3197 

4 0489 
4 2919 

4 5494 

4 8223 

5 1117 
5 4184.' 
5 7435 

10/285 
Iff 420 
32 987 



2 9522 

3 1538 
3 3799, 
3 6166 

3 8697 

4 1406 
4 4304 

4 7405 

5 0724 
5 4274 

5 8074 

6 2139 
66488 

7 1143 
7 6123 

J 4 9)4 
29457 
57 946 



1 0900 
1 1881 
1 2950 
I 4116 



1 6771 
1 8280 

1 9926 

2 1719 
• 2 3674 

2.5804 

2 8127 

3 0658 
3 3417 
3 6425 



1 I pOO 1 1200 

1 2100 1 2544 

1 3310 1 4049 

1 4641 1 5735 



1 1400 
1*2996 
14815 
1 6890 



1 1500 
1 3225 
1 5209 
1 7490 



1 1600 
1 3456' 
1 5609 
1 8106 



17716 '1 9738 

1 9487 2 2107 

2 1436 2 4760 
2 3579 2 7731 
2 5937 31058 



2 8531 

3 1384 
3 4523 

3 7975 

4 1772 



3 4785 

3 8960 

4 3635 
48871 

5 4736 



2 1950 
2 5023 

2 8526 
32519 

3 7072 

4 2262 * 
48179 

5 4974 

6 2613 

7 1379 



23131 
26600 
3 0590 

3 5179 

4 0456 

4 6524 

5 3502 
61528 
7 0757 
81371 



2 4364 

2 8262 

3 2784 
38030* 

'44114 

5 1173' 

5 9360 

6 8858 

7 9875 
9 2655 



1 1800 
1 3924 
1 6430 
1 9388 



2.6996 
3 1855 

3 7589 

4 4355 

5 2338 

6 1759 

7 2876 

8 5994 

10 147 

11 973 



1 2000 
1 4400 
1 7280 
2.0736 



2 9860 

3 5832 

4 2998 

5 1538 
&19V7 

7 4301 

8 9161 
10699" 
12 839 
15 407 



3 9960 . 47171 5 5599 7 6900 10 575 * 12 375 

4 3157 5 ?4J7 6 1159 86128 12055 14 231 

4 661Q 5 604^ 6 7275 9 6463 13 743 16 366 

5 0338 o 1088 7 4002 10 803 15667 ( 8 824 



6,34.2 7 9111 
6 8485 8 6231 



7 9881 10 245 13 110 21 324 34 389 43 535 55 000 87 259 

8 6271 II 167 14 421 23 883 39204 50 065 63 800 102 96 
93173 12*172 15863 26749 44693, .57 575 74 008 1 2 1 50 
10062 13 267 17449 29 959 50 950 66211 85 849 143 37 237 37 63481 

21 724 31 409 45 259 93 050 188 88 ' 267 86 378 72 * 750 37 1469 7 54559 

46 901 74 357 117 39 289 00 700 23 1083 6 1670 7 3927 3 9100 4 

101 25 17603* 304 48 897 59 2595 9 4383 9 7370 1 20555 56347. 



197 81 



1 2400 


1 2800 


1 3200 


1 3600 


1 5376 


16384 


1 7424 


1.8496 


1 9066* 


2 0972 


2.3000 


2 5155 


2 3642 


2 6844 


30360 


3 4210 


2 9316 


3 4360 


4 0075 


4 6526 


3 6352 


4 3980 


52899 


6.3275 


4 5077 


5 6295 


6 9826 


8 6054 


5 5895 


7 2058 


92170 


1*t703 


69310 


9 2234 


12 166 


15.916 


8 5944 


1 1 805 


16 059 


21 646 


10 657 


15 111 ' 


21 198 


29 439 


^3 214 


19342 


27 982 


40 037 


16386 


24 758 


36 937 


54 451 


20 319 


31 69 1 


48 756 


74 053 


25 195 


40 564 


64 3 58 


100-71 


31 242 


51 923 


84 953 


136 96 


3a 740 


66 481 


112 13 


166 27 


48.038 


85 070 


148 02 


253 33 


59 567 


108 89 


195 39 


344 53 


73864 


139 37 


257*91 


468.57 


91 591 


'178 40 


340 44 


637 26 


113 57 


228 35 


449 39 


866 67 


14083 


292 30 


593 19 


11/86 


17463 


374 14 


783 02 


1602 9 


21654 


478 90 


1033.5 


21800 


288 51 


612 99 


1364 3 


2964 9 


332 95 


784 63 


1800 9 


4032 2 


41266 


1004 3 


2377 2 


54838 


51195 


1285 5 


3137 9 


7458 0 


634 81 


1645 5 


4142.0 


•10143 


54559 


19426 


66520 




46890 














9 * 



•FVIF > 99.999 
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DATA TABLE 2\ ' PRESENT VALUE OF $1 (PVIF) . 



Period 1% 2% ' 3% 4% 5% 6% 7% 8% 9% 10% 12% 14% 15% . 16% * 18% 20% 24% 28% 32% 38% 



1 

2 
3 
4 
5 

6 
7 
,8 
9 
10 



9901 .9804 

9803 9612 . 

.9706 9423 

9610 9238 

9515 9057 



9420 

9327 8706 

9235 8535 

9143 8368 

.9053 8203 



.970? .9615 9524 9434 .9346 9259 9174 ^091 8929 

9426 9246 9070 8900 .8734 8573 8417 8264 7972 

9151 8890 8638 8396 8163 7938 7722 7513 7118 

8885 8548 8227 ' 792 1 7629 7350 7084 • 6830 6355 

86?6 8219 7035 .>473 7130 '.6806 6499 .6209 5674 

8375 7903 7462 .7050 6663 6302 5963 5645 5066 

8131 *„J599 7107 6651 6227 5835 5470 5132 4523 

7894 ' 7307 6768 6274 5820 5403 .5019 4665 .4039 

7664 7026 6446 ' 5919 5439 §002 4604 4241 3606. 

7441 6756*6139 5584 $083 4&2* 4224 * 3855 3220 



8772 8696 8621 8475 .8333 .8065 . 7813 . 7576 7353 

769f> 7561 7432 7182 6944 .6504 .6104 5739 5407 

6750 6575 6407 -6086 .5787 5245 .4768 .4348 3975 

5921 5718 5523 ,5158 "4823* .4230 .3725 .3294 2923. 

5194 4972 4761 4371 4019 ,34l1 . .2910 .2495 .21{9 

4556 43£f ,4104^ 3704 3349 .2751 .2274 .1890 .1580 

3996 .3759 • 3538* 3139 2791 2218 .1776 1432 .1162 

-3506 3269 ,3050 2060 2326' .1789 .1388 .1085 .0854 

3075 2843 2630 .2255* 1938 . 1 443 . 1084 0822 0628 

2697 2472 2267 1911 1615 1164 0847 0623 0462 * 



uc 



11 8963 8043 

v 12 8874 .7885 

if* 8787 .7730 

\i\ 8700 7579 

Ifc " ,8613 .7430 

16 8520 

17 .8444 

18 8360 

19 8277 
2Cf 8195 



7224 6496 5847 5268 4751 

7014 6246 5568 4970 4440 

.6810 6006 5303 4688 4150 

.6611 5775 5051 4423 3878 

6419 5553 4810 4173 3624 



7284 6232 .5339 4581 3936 3387 

7142 6050 5134 4363 3714 3166 

7002 5874 4936 4 155 3503 2959 

6864 5703 4746 3957 3305 2765 

6730 5537 .4564 3769 3118 2584 



4289 
3971 
3677 
3405 
.3152 

.2919 
2703 
2502 
2317 
2145 



3875 
3555 
3262- 
2992 
.2745 

2519 
2311 
2120 
1945 
1784 



3605 
3186' 
2897 
2633 
2394 



2875 
2567 
2292 
2046 
1827 



2366 .2148 .1954, .1619 .1346 % .0938 .0662 0472 .0340 . 

2076 1*669" J685 1122 *0757 .0617 .0357 .0250 

1821 >1S5 1452 1163 0935 .0610" .0404 .0271 0f84 

1597 \J413. 1252 0985 0779 0492 .0316 .0205 0135 

1401 ^1229 1079 0835 .0649 .0397 .0247 .0155 0099 



.2176 1631 

'1978 1456 

1799 1300* 

.1635 1161 

.1486 1037 



1229 .1 

1075" .0929 

0946 0808 

0829T 0703 




t)54l .0320 .0193- <M8 . .0073 

0451 0258 ..0150 .0089 0054 

0376 .0208 0118^ 0068 0039 

0431 0313 0168 * 0092 0051 0029 



0728 0611 0514 .0365 0261 0135 .0072 0039 0021 



25 .7798 6095 4776 375b 2953 2330 1842 1*160 .1160 0923 0588' 

30 7419 5521 ^20* 3083 2314 1741 .1314 0994 0754 0573 0334 

40 .6717 4529 3066 2083 1420 *0972 0668 0460 0318 0221 0107 

50 6080 3715 .2281 1407 0872 0543 0339 0213" 0134 0&5 0035 

60 5504 3048 1697 096 1' 1)535 0303" 0173 0099 0057 .0033 0011 



0378 0304 0245 0160 0105* 0046^,0021 .0010 0005 

0)96 0151V 0116 )0070 0042 .0016 .0006 0002 .0001 

0053 .0037 0026^ 0013 0007 0002 0001 * % * 

0014 0009 * 0006 0003 0001 

0004 0002 0001 # • 0 * 

, * The (actor b zero (o four, decimal places 
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GLOSSARY 



Compounding : The process in' which the interest of an amount 
cpF money earns interest itself in subsequent years. 

Cost escalation : The calculation of the impact of inflation 
on the future price of resources. 

Discount : The process of calculating the\presertt value of 
future cash flows at a specified interest rate. (the 
"discount rate") . 

Discount rate : The interest rate used to calculate the < 
present value of future income. 

Future value : The dollar figure an amount of money will be- 
come if invested at a specified interest rate for a 
specified time period. 

Future value interest factor : A number, when multiplied b^ 
an initial amount that will yield the amount the prin^ r 
cipal would grow to if dnvested at a specifie4 interest 
rate. It is equal to (1 + r) 1 ., 

Interest : Dollar amount borrower pays lender ^for -the use of 
lenders money. , . 

Interest rate : Figure indicating the portion of the principal 
that must be paid in interest over each time period. 

Present value : The, value now of a Sum to be paid or received 
at a specified, future data,. • * 

\ * • 

Present value interest factor : „ A number that, when iwriTti.- 

-plied by a future amount, will yield the initial amount^ 
of money that would grow to , the . future amount if invested^ 
at a specified interest rate.. It equals 1 • 
.: , * (1 + rjt . . . 

-Principal : The amount of money borrowed 'to replace, install, 
• ' or modify a,n energy system..- 

Tiihe period : 'The length of time, usually a year, associated 

with interest rates. • . ' . . ' 

.me value of money : 'The concept that a dollar is worth more 
today than in' the future because a dollar- received today 
can be invested .to yieldjmore than a dollar in the future. 



EE-02/Page 41 



t 




ENERGY TECHNOLOGY 

CONSERVATION AND. USE 



ENERGY ECONOMICS 




EE-03 

FfNANCIAL TECHNIQUES OF 



ENERGY ECONOMICS 



TECHNICAL EDUCATION RESEARCH CENTER - SOUTHWEST 

— : — 4 4800 LAKEWOOD DRIVE, SUITE 5 r- 

' SyACO, TEXAS 76710 — — ^— 



INTRODUCTION 



This module discusses fhe techniques that can be Xsed 
in. the analysis of cost and cost savings of energy projects 
and is* an extension of the techniques presented in previous 
* modui^s^ In Module EE-01, "Fundamentals of Energy Cost 
Analysis/' a 'distinction was made % 6etween one-time costs 
and recurring costs.' It was learned that one-time costs 
involve one simple, direct payment, whereas recurring costs 
can involve a, number of payments over a period of time. 
Module *EE-02 , "Financial Parameters of Energy Economics," 
introduced techniques which can be applied -to one-time costs. 

THe techniques presented , ifikthis module primarily apply* 
to recurring costs' and cost ^avrng^/and to different situa- 
tions witfy regaVd to when and -how o^ten cpsts-and cast sav- 
' ings occur. With the skills* that can be learned from these 
^'techniques, the energy specialist will be able to* compute^, 
the present value of costs and cost savings, an important 
£^$&sideration in energy projects. The relevance ,of the con- 
cept of present value is emphasized throughout the foodule. 



PREREdUISITES 



The student should have a good understanding of basic 
algebraic functions and should'^ave completed Modules EE-01 - 
and EE-02- of' Energy Ecoiymies . 
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OBJECTIVE S . . 1 - • 

0 

Upon completion of this module, the strident should be 
"able to: 

1, Define the following terms: 

a, Annuity V \ * \ 

b. t Irregular flow pj£ costs and costr savings , 

2. Given the propeir information, compute the following: 

a. The sum of an annuity of any amount, m \ 

b. The present va-lue of an annuity of any amount. 

c. TJie present value of an unending annuity of any 
amount. 

d. The present value of an irregular ■ flow of cost 
savings, 

3, Extend the concept of present yalue to intludeiscost 
escalation, 

4. Explaih«-the importance of present Aralue in the evalua- 
- tiokof the cost and cost savings of energy projects. 

\ * -< ' ' " 
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SUBJECT MATTER 



CQ6T OF AN ANNUITY 



Most projects that the energy specialist will encounter 
invoice a series of cojst savings , 2 as opposed to a one-time 
amount as per the present value equation. -For instance, a 
microcomputer system that automatically adjusts the tempera- 
tures of unoccupied areas of a building 'in order to conserve 
energy — arid therejby reduce" heating and cooling costs - will 
not generate one-time savings but, rather, an annuaTVtream 
of savings over the life of the system. This flow of dollars 
must be standardized/ -because savings will occur at. differ- 
ent times. If the system saves $4000 per year, then the f 
$4000 sayed'the first year will be more valuable than, the 
$4000 saved the second^yea/; the $4000 saved the second year 
will be more valuable • than the $4000 saVed the third year; 
and. ^o on. The present vaftfe of this flow of savings* must 
be^Caltulated so thai it can be compared to the ; cq.st.o£ the 
microcomputer system. - •• -* 

Analysis of this nature makes use of the concept of "an 
annuity . An annuijy^s" simply a pattern of cash flow that , 
"is equal in \each year — every year the same dollar amount 
is received or spent. First, the way in which an annuity'" 
accumulates, or '.sums, to a future value will be considered;' . 
then, this -analysis will be extended to develop a .formula 
for the calculation of the**present value of an annuity. 
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ACCUMULATION OF AN ANNUITY 

Consider accompany debating the purchase of *a iflicro- 
computer system. • This^ystem has an estimated life of 4 
years, with cost savings of $4000- per year. Thus, the sav- 
ings form a 4-year annuity of $4000. Suppose ^thatT these 
savings are deposited ijFi'a bank ^account drawing an 81 rate 
of interest per year, ^nd that fhe total dollar_jp^lue of the 
account at the end' 4 years is to be calculated. The pro- 
cedure for the accumulation of this annuity is as follows: 

• At the end of thre 'first. year, $4000 in cost .savings irs 
deposited in the account. During theyiext year/ this 
earns $4000. x 0.08 = $320. Thus, the account has ac- 
cumulated $4 320. # ~ 

At the end of th'e second year, the c^ost savings from 
I the second year x are added to fhe account to bring the 
total to *$83T0T~"This amo^iit*"~earns $.8320 x 0. 08 = 
$663760 in interest the third year — which brings the 
amount in the account to $8985.60. 

• At the end of the third year, tj^e cost savings from 
^ the third yeax are added to the account to bring the 

total to ,$12., 985. 60 . This amount 'earns $12 ,985.60 x . 
0.0 8 = $1038 . 8-5 interest during the fourth yeas. This 
brings the total to $14 ,024 .45. " * 

• At the end oiTthp fourth year, the' savings the, 
fourth-year are added to br k iug the total to $18^024.45. 
Since 4 years have elapsed, ^this ma,rks the end of the 
annuity.. This figure l^total) is the future value of 
"the cost savings associated .Wisth *the installation *of • 

. 4 the microcomputer system. 

Another way #to view the compounding o£ this -annuity, is 
to examine the number of yfea r$ each amount of cost savings * 

/ ' - A _ / % /<* 

Page 4/EE-03 ^ . " Q g • [ ^ -..^ 



can earri interest. The cost savings of the first year qan 
draw interest for 3 years; those of the second year can draw 
interest for 2 years; "and so on. The sum of the annuity is 
found by obtaining the compound sum of each payment- This 
process is shown in Table 1. ^ 



TABLE 1. SUM OF AN ANNUITY ($4000, 4 YEARS, 8%) 



*The FVIF figures were obtained from Data Table 1. 









Appropriate_ 










Number of 


Future Value 






End of 


Amount 


Years 


Interest Factor 


Future- 




Year 


Depos ited 


. Compounded' 


(FVIF)* 


Value 


m 


1 


$4000 


i 

3 ■ 


< 

1.2597 . 


$5038. 80 




2 


* $4000- 


2 


1.1664 


4665.60 


i 


3 


$4000 


1 


1.0800 


4320.00 


t 


4 


$4000 


0 


1.000 


4000.00 








Amount "at the 


End of Year 4 =' 


$18024.40 


? 



SUM OF AN ANNUITY OF $1 FORMULA 



.The special ca3e "of an annuity of $1 will be considered 
in order to generalize the preceding process into a formulj^. 
This is the receipt of $1 per year for a given number of, 
years (designated as n) with an applicable interest rate r. 
At the. end of the ^Jftfsi year., the dollar deposited will earn 
interest. for years and, at the end^f the secdnd year, 

will earn interest for (n-2) years'. This .pattern continues 
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for every year up to the dollar deposited in the (n-1) year 
(next-to-last year) - which will earn interest for 1 year. 
The dollar'. deposited, at the end of the "last year 'will earn 
no interest since the. time period\is past. This process is 
shown in Table 2. , 



TABLE 2. NUMBER OF YEARS INTEREST EARNED BY EACH 
PAYMENT IN AN ANNUITY. 



Deposited End 
of Year 


.Amount Deposited 
in Account 


Years Interest * 
Earned 


1 • ■ 


. $1 


n-1 * 


• ' 2 


* • $r ' 


n-2 


3 




n-3 


" '* „ * 


rh 


n-4 


^ n-1 


$i ' 


1 


n 


$i 


0 


<■*- 

Note: Periods 
missing 


indicate possible, 
numbers. 


sequential 

4 




The total amount in the bank account at the end of N n years 
can be^calculated by determining the future of these amounts, 
as follows: 
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FVA n ($1) = Futupe value o£ $1 n-1 periods later 

+ Future value of $1 n-2 periods later 
+ * 

. ' / + Future value of $1' one period later 

+ $1- - *r ' ' ' I 

*Note: The ellipsis above indicates massing numbers, 

• . • • . • 

i • < * 

Whenever ... (the ellipsis). is ' used, it simply signifies 

that a series of numbers or words is not being written. For' 
instance, instead of writiflfc 1, l\ 3, 4 x 5, 6, 7, 8,^9, 10, 
it' is/much easier to write 1, 2, 10 - with the under- 

standing that ail of the missing numbers are included. In 
the leftrhand column of Table 2, the . .-. (in a veTtical line) 
signifies all the numb ersr between 4 and n-1, whatever n-1 
might be. * If n is 50, then n-1 is 4y, and the .'.^signifies 
the numbers 5 through 49. In many cases, sudh as the one 
above, this method is -more convenient. Similarly ,- if the n 



( in Table- 2) is 7, then~n7 l~Ts 6, and th e eTl ij^TT^{Tr7T~ ==l 
simply signifies the -numb er^-STX The .use of this technique is 
made possible because n is a vakiabX&' that yean" take on many 
values. .„..-. 

Therefore, the following may be written: 



^ ■ 



*'FVA n ($l) = .(1 + r ) n_1 + *d + {) n_2 

..*(! + *i l + 41 



+ 



where: ~ |^ 



FVA n ($l) = Sum" (or future* value) of -ah aii^uity^f $1 




after it has been pjaid* for n time fJ§fiod< v 
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r. = Interest rate. 



jXAMPLE A: FUTURE VALUE OF AN ANNUITY- OF $1 



Given : 



.Find: 
Solution 1 



One dollar is deposited in a bank account at 
the end ^ 



f' the year for 4 consecutive years 



The'dnterest rate is' 4%. .> 
The futufe value o£ the annuity after 4 years, 
.Use Equation 1 as follows: 
FVA «♦($■!) = (i + .-r) 3 + (1 + r) 2 + (1> r) 1 

0.04>) 2 v 



+ 1 



= (1 + 0.04) 3 . + (1 

+ (1 + 0.04) 1 + 1 
= (1 . 04) 3 + (1*04) 2 + (1 . 04) ». + 1 
= 1.125 + 1.081 + 1.04 + 1 
= $4,246 
FVA-($1) = $4.25. 



THF SUM (FUTURE VALUE) £F AN ANNUITY OF $1 TABLE 

Admittedly, performing calculations of this nature 
could become very' tedious . 'Forturfately , a table exists for 
finding the sum (-future value) of an annuity of $1 for dif- 
ferent interest rates and. time periods'(see l*abl£ 3 for- an 
grample) . - The steps in ,the use o,f Table 3 are as follows: 

• -Find the column that corresponds to the appropriate 

interest rate. 

Find the row that corresponds to the number of time 
periods in which -payments will be made. ^ 

• Find the intersection of the row and 'the fcolumn and 
readSke entry. , Tl^i^s is the sum of an anrtuity of $1 

f qt the appropriate number of periods and interest rate. 
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TABLE 3 . SUM OF AN ANNUITY OF $1 TER TIME PERIOl?. 





« Number 
of - 
Periods 
(Time^ 




Rate o'f 


Interest 






1% 




, 3% 


v 4% 






1. 0000 


1.0000 




1.0 0-00 . 


1.0000 


> 


2^ 


2.pl00v 


2.0200 




2.0 300 . 


2.0400 






3.0301 


3.0604 




3.09"09 


3.1216 




4 


4.0604 


4.1216- 




4\ 1836 


. 4.2465 



For example, the sum of an>annuity of $1 per year for 4 
years - when the interest rate is 4% - is obtained by find- 
ing the intersection of the 4% column and the time row 
- labeled "4." This entry is $4.2465, which is the value 
sought. A more extensive table that can b£ used to find 
the future value of an annuity of $1 is located in the 'back 
of this'moclule (Data Table 3). 

* «. ■*» 

SUM OF AN ANNUITY OF MORE THAN '$! PER YEAR 

What if the annuity is more than §1 per year? Each 
dollar in the annuity will have the same value as the sum 
of an annuity of $1 after the given number of time periods^ 
(which accumulates at the given interest rate). Therefore, 
' all that is required is to find the, sum of the appropriate 
$1 annuity, follow^ by the multiplication of this number 
by the original 1 doll l ar value of the annuity. The result is 
the sum of the annuity of the given amount. For this reason, 
the appropriate present value of an annuity of $1 figure is 

» 
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often Called the - Future Value Interest Factor of an Annuity , 
This' term is abbreviated FVJF a , yrhere the subscript ,f a M 
'indica.t^ that an annuity - rather'than a single aAount - 
is involved. The equation, for finding the future value o£. 
an annuity 'greater than Sl'is as follows: 



FVA n ($M) = $M x FVIF (n- years, r) Equation 2 



where; , 

FVA n ($M) = Future value (sum) of an annuity 
of $M,^ whiph accumulates fo; 
' \ years at r, 

- ' * . * , $M - Amount of the annuity- 
* FVIF a (n years, r) = Future value of 'an annuity of $<L , 

which accumulates for^n years at 
r. .This is also called the Future 
•» - Value Interest Factor of an r Annuity 



:es for n 

r 



(This can be obtained* from Data 
Table 3) . 

. * ' n = Number of. years the, annuity is re - 

ceived'. 
r = Interest rate/ 

The process "of finding the apprppriate FVIF a to compute the 
sujn o of an annuity of more than %Y is demonstrated in .Exam- 
ple B. . " * . / 



90 
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EMUPH B: SUM OF AN ANNUITY OF' MORE THAN $1 PER YEAR- 



c 



Given: . Each of the elevators in a building is equipped 
with- SO 0 watts (W) of. fluores'cent lighting, - 
- although only 3d W are needed. The lights, burn 
24 hours per day (24 h'/d) , '365 days pe'r year 
(d/yr). /The cost of electricity is $0.03 per 
kilowatt hour (kWh) p and the interest rate 'is 

8%. ' «* 

"Find:' The cost savings peV year resulting from the 

reduction in watts in one elevator and the fu- 
t'ure value of these cost savings after '4 years. 
Solution: The lights burn 24 h/d and 365 d/hr* therefore,' 

' 24 j x 365 ='8760 ^.electricity usage 

8760 — x 270 W saved = 2,365,200 watthour (Wh)\ 
« yr y, 1 

And, since 1 kWh = 1000 Wh, savings in electric- 
" ' Lty = 2,365.2 kWh/yr. • ' / * ' 

Since the cost of electricity is $>Q.03/kWh, 'the 
cost savings per year are , given by the 'follow- . 
ing: 

^ 2,36*5,2 — x $0.03/kWh = $70/96"per ye^r cost 

^ r pavings. 

Thus, the savings associated .with this pxoject 
in annuity of $70,96 per year;, 5 With an 81 
)st rate, the future value of this : anh^iity 
' 4 years is obtained ~2^follows m (usi^ng 
ZSuat ion 2) : , '* , , ' s 
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^Example B . Continue^ . 



fVA,j($70.96) = $.70 .96. x FVIF a (4 years, 81) 

= $70.96 x 4.5061 • 1/] 

FVA n ($70;96) = $319.75. 

The value for *FVIF a (4 years, 8%) was obtained 
from Data Table 2^ (back of module). 



PRESENT VA1UE OF AN ANNUITY' 

Whereas J the idea bf the sum ofr an annuity seldom is 

used in energy project decisions directly, it is useful in 

understanding one of the most important concepts in .energy 

economics -* the idea of the present value- of an* annuity. 

As in the case of the present value of a fixed amount being 

the opposite of the future value of a fixed amount, so is 

the present value of an annuity the opposite of the future 

'value (sum) of an annuity. The present value of an annuity 

> 

is the dollar value that- answers this question: What fixed 
amount today will accumulate after the given number of years 
to exactly the same amount as the sum (future value) of the 
annuity? 



CALCULATION OF THE PRESENT VALUE OF AN ANNUITY \ 

* 

The present value of^an annuity can b% calculated in 
the following way: Each amount that i$ added to the annuity 
Qa.ch year is discounted back "to* the present.. These individ- 
ual amounts should then be summed to obtain the total' present 
value of the annuity. At this pointy Example C will be help- 
ful. * ' • . 



Page 12/EE-03 * jQj^ 



Example tH ! e present value of an annuity. 



Given: A plan to reduce- the electricity cost ..associated 
.with lighting involves the -replacement of bulbs 
of a certain wattage with "bulbs- of a lower wat-» 
tage in eyery hallway of a hotel* This system 
has an expected life of 8 years, and this pro* 
cess will, save $1300 per year for the 8-year 
period. The interest rate is 6^, 
Find:* Thejpresent value of the cost savings, 7 
Section: The cost savings form an annuity of $1300 per 
year for 8 years. The cpst savings associated 
with each year will tje discounted individually 
back to Vhe present, and the sum will be taken. 
• : 



Each present value 'calculation is identical to those 
calculated in Module EE-02. This process is .s"hown in Table 
(The PVIF £igur%f "were obtained from Data Table 1 2.) 



TABLE 4. THE PRESENT VALUE OF AN 8-YEAR ANNUITY OF 
* , ». $1300 WITH INTEREST RATE 6%. 



1 


Year 


Cost Savings 


* PVIF 


Present Value 


1 4 


' $1300 


0/9434. 


$1226.42 




2 


.,• $1300 


0. 8900 


. $1157. 0b 




^3 


$i3oo" 


0.8396 


$1091.48 




4 


$1300 


0. 7921 % 


$1029 . 73 




' 5 


$1300 


~ 0.7473 


'. $9 71.49 




6 


$1300 


0.7050 


$ 916.50 




. 7 


' .$1300 ' 


0.6651 


$ 864*. 63 




8 


' • $1300 


0.6274 


$ . 815.62 




■Pre'sent Value of Annuity ■ $8072.87 



'102 



E.E-03/Page 13 



PRESENT VALUE OF AN ANNUITY QF $1 . ' , 

/ / 

I ' — 4 

Just as it'was in the case~of the sum of an annuity, 
it would be useful -at this point" to examin.e the special case 
of an annuity of $1, This value can be calculated in a^man- 
ner similar to 'that used in Table -4, except that the amount 
in question is $1 instead of $1300, In this "case, the pres- 
ent value of the cost savings of each year is 'j.ust the ap- 
propriate entry from the Present Value of $1 Table (the 
appropriate PVIF). Therefore , the present value of .an annu- 
ity of $1 for n years - when the interest rate is jus^the 
sum of the present values of 'the cost savings for each year - 
is as follows: , ' 

— ■* • ' 

PVA n ($l) = PVIF (1 year, r) + PVIF (2 years, »r) 
^ ^ + + PVIF (n years*, r) ^ Equation 3 

4 

f ' ' 

where : f • 

^PVA^Sl) = Present "value of an,ann ( Uity of. $1 for n time- 
periods . | * 
n * ^Number of time, periods "the annuity is re- 
ceived. - , jjft, - * * 
, r = Interest rate. 1| 
PVIF = Preheat value interest ^fjacttfr ('the' present ^' 
value of $1) associate^ w^th the given in- 
terest rate and year i^j the future, 

( * *-% ' ' * ' ' 

Note* that PVIF (1 year, r) is ju<5t the^present value of $1 * 

receitveM after 1 year; the-PVIF (2 y'earijs, r) 'is- the -present 

value of $1 received aft^; 2 years; an# so on! If "the present 

• , A . • ; 
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values of the cost savings of each year are 'summed, the 
result is the present 'value of the annuity'. . 



. EXAMPLE D: PRESENT VALUE OF AN ANNUITY OF $1 



Given: One dollar per year is to be received at the 

» end of the next 4 years. The interest rate 



is 6 



Find: The present 'value of. the annuity, usirfg Data 

Table 2. 

Solution': .Use Equation 3 as follows.: 

■ PVA,C$1) = PVIF (1 year, 61) + pVlF (2 years, 

. / (%) + PVIF (3 years, 6%) + PVIF 

(4 years, 61) 

= 0.9434 + 0.-8900 + 0.8396 + 0.7921 * 
PVA*($i) = $3. 4651': 



■THE PRESENT VALUE OF AN ANNUITY OF $1 TABLE v " 

The Present Value of an Annuity of $1. Table (Data Table 
4) is simply y a collection 'of the preceding sums for'many^ • 
possible time,periods and interest rates'. The procedure" for f 
reading Data Table 4 is as follows,-?-* . ..'•.» 

• Find the coltamn * corresponding to the appropriate in- * v 
terest rate. , . 

• Find the row corresponding to the appropriate number 
of years. . ' -* 

• Find the point where the row and column intersect and* 
read the entry. This is the present value figure. 
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PRESENT VALUE OF ANNUITIES LARGER THAN $1 - 

In an ahnuity larger. than $1, each dollar will accumu- 
late exactly like the annuity of $1. Therefore, the method 
of obtaining the p^rese-nt value of an- annuity oftnore than 
$1 is as follows: 
; • Find the present value of an annuity of $T that covers 
• the same number of time periods and has the* same in- 
terest rate, 

.Multiply this number by the amount of the larger annu-> 
>. ity. 

Because ttiis procedure .can be used, the entry from tfre^res- 
ent Value of an Annuity of $1 Table is often called the 
Present Value Interest Factor of an Annuity, This term is 
abbreviated PVIF a , where t;he subscript "a 11 means the number 
aptplies to* an annuity rather tH^n a fixeci amount. The fol- 
lowing equation can" be used to find the present value of an 
annuity of an amount $M: - \ 



PVA n ($M) = $M x PVIF(n years, r) Equation 4 



wKere : mt * * 0 . ' + 



PVA^($M) = Present value of an airftuity of $M 

that is received for n time period^, 
/ $M = Amount of the annuity (of each pay- 
ment) • - • ■ -* 
n = Number of time periods (years) the 
j m annuity -accumulates . 
f = Interest -rate . - 
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PVIF a (n year, r) = Appropriate present >value interest 

factor (obtained from Data Table 4), 
. * or the present value of an annurty. 
- of $1 that accumulates for n 'time 
i periods when the interest rate is *r 

.>per time period. * 

Example E demonstrates how Equation 4 is' used. 



- » / 



EXAMPLE E: CALCULATION OF THE PRESENT VALUE OF AN ANNUITY .• 

* 



Giverf: 

Find:. 
Solution 



Energy conservation measures which will result * 
in savings of $700 per year for 5 years. The 
interest rat'e ' is 9%. 

The present value of the annuity formed by these 
cost saving-s r * . , • 

First, .examine tlie Present Value of an* Annuity 
of $1 Table! (Part of Data Table 4 i-s' repro- 
ducedthere for convenience as Table 5.) 



TABLE 5'. THE PRESENT VALUE OF AN ANNUITY OF $1 



Number 

of 
Payment 



4 

5 . 

6 $ 

7 , 



.-Rarte of Interest 





^8%^ 






3. 


3872 


3. 


3121 


• 3. 


2397 ' 


3 


.1699^ 


4. 


1002 


. 3. 


9-9 2 7- 


3. 


889 7 


3 


. 7908 ^ 


4 

4. 


7665 


4, 


6229 




4859 


4 


. 3553 


5. 


3893 


5. 


2064 


5. 


0330 


4 


.8684 
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Example ' E • C<5nt inued . 



-* : ; — v 

In this case ( , the appropriate coluifiri is 9% and 

the 4 appropriate ro'w is for 5' .years (-time peri- 
ods), ^he entry Where the rtfw and column in- 
* tersect is 3.8897", therefore, the present value 
,of the annuity, formed "by the cost savings 'as- ' 
sociated with the conservation measure*, 'ean be 
calculated by using Equation 4 as Hollows; 

PVAsC$ 700) .= <$ 700 x PVIF a (5, years, 9%) 

'■ = $-700 x 3.889 7 • 
'PYA 5 ($'700) = $27-22.79.. 

(The PVIF' figure/ was obtained from Data Table 
4.) • 



ANALYSIS OF ENERGY PROJECTS, 
USING PRESENT VALUE'-^OF AN ANNUITY^ 

In 'general, the. energy specialist should employ these, 
concepts of energy economics when ,any ^course of ac'tion is 
under consideration-which involves monetary costs and/or 
costs savings, .Once the casts' and cost, savings (bertef it's") 
have b£en determined, they^ can be converted to 6 present value 
and compared .wi'th one another to determine* if the project is 
worthwhile, -r .that is, if "the cost savings ^f the proj ect ">are 
greater than 'its costs iri present value terms. „The follow - 
. ing\ example example J) is a detailed' example of- ho^the 
preceding techniques can be employed in'tfte 'analysis/ of an 
energy project, 1 . • • . 



Page 18/EE-03 

" . \ io? 



EXAMPLE F: PRESENT VALUEf OF AN ANNUITY OF COST SAVINGS 



•Given 



Find 



-Solution : 



r 



X building occupies StOO square feet (5.1 oc 10 J 
£t 2 ) of floor space, and the number of degree-^ 
days/yr is 2363, A 10°F reduction in the tem- 
perature of the building at night during the 
colder part of the year would save 20 ,000 Btus 
per square feet (2 x 10* Btu/ft 2 ) of floor space 
per, yeah:. The heating system is fueled by natu- 
ral gas, and each cubic foot (ft 3 ) of natural 
gas has 1000 Btus of heat energy- -The price of 
natural gas is $2. §7 per thousand cubic feet 
($2.57/M ft 3 ). The heating ; unit will -be opera- 
tional fpr an additional 20 years, and the in- 
terest rate i*£ 10%. 

The cost savings per year associated with this 
conservation measure, and the present value of 
the annuity of cost savings. * 
2 x 10* Btu/ft 2 /yr _ 10,2 x 10? Btu/yr total 



oc 5100 ft' 



heat savings 



1000 



Since each cubic foot of. natural *as Jias 
Btus 6f heart content ; 

10.^2 -xlO 7 Btu/yr = 10.2 x 10* £tVyr 
-* 100,0 Btu/ft 3 natural gas ^vings. 

Natural gas cost is € $2.57/M ft 3 = $0 . 00257/ft 3 . 

10.2 x 10* ft 3 /yr x $0 . 00257/ ft 3 * = $262,11 

savings per 
year. 

These yearly cost savings form a 20-year annuity 
"of $ 262.11 per year.; ^ - * 

\^ ■ 
can be used to calculate 



Therefore , Equation 
the present A^lue asfollpws 




'108 " * 
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. Example F. . Continued. * * 

PVA 20 ($26 2.11) = $262.11 x PVIF <a (20 years, 10%) 

. = $262.11 x 8.5136 

PVA 20 ($26 2.11) = $2^.50.^ 
n - 

Therefore , this technique of turning down the 
thermostats by. 10 degrees during the colder part 
of the year 'results in cost savings with' a pres-, 
ent value of $2231.50.. S 

I w J = 



PRESENT VALUE OF AN UNENDING ANNUITY OF COST SAVINGS 

In many c'ases, the. cost savings generated by an energy 
conservation project will be permanent. If these savings 
Ire the same amount each year, they >form a sort of " unending 1 
annuity . The present value of these cost savings is easy to 
calculate 'by using *t he following equation: 



PVAunendingCM = ¥ " Equation 5 



where: f 

PVA uneading ^ ^ = - Present value of an annuity of $M 

per year for every year in the future 
« $M = Amount^of the* annuity. 

r = Relevant ^percentage interest .rate. 

This technique can be useful in situations where nothinjp^s 
purchased but the method of doing something is altered. It 
is helpful %fo looK^t jU^e following example (Example G)": 

.. K. ' 
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EXAMPLE G: PRESENT VALUE OF AN UNENDING ANNUITY. 



Given 



Find : 
Solu-tion : 



As the light b^lbs in the hallg of an office 
building burn, out, they are to' be replaced with 
lower wattage bulbs wfrich will- continue to pro- . 
vide sufficient illumination. This process will 
result in cost savings of $300 per year fo^ each 
subsequent y*ar* The interest rate is 7%. 
The present value ,of these cost savings. 
These cost savings form an unending annuity of 
$300 p£r year. Therefore, Equation 5 is -appli- 
cable^ 

" ' ^unendingC5300)^ « *Ig° 
' PVA unen ding($ 3 00) = $4285^71. • 



The calculation of the present value of an unending annuity 
% is possible because the cost* savings 'have smaller present 
values the farther away in time they occur. At most interest 
rates (exce,pt^very small ones) cost savings' beyond 50 years 
will have very small present values compared to their orig- 
inal value, ' Therefore, dependiftg on thje interest rate, all [ 
cost savings tnat occur beyond some year in- the future have 
present values that aye almost zero and do not need.to be 
considered'. 
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PRESENT VALUE OF AN IRREGULAR FLOW OF COST SAVINGS 



With an anuity, the same amount is received or spent 
every year. In many ca^es, this situation is not realistic 
sinqf costs are constantly changing. The energy specialist 
must be able to 4eal with the situation* where the flow of 
cost savings changes from one year to the next. This type 
s of fluctuation, .called an irregular flow of cost savings ", 
is dealt with in the following manner:" The present' vafiue 
is calculated by taking the sum of the present valu^jjf. 
the^ savings associated wijh each year. This process is 
demonstrated by Example -H-. . 



EXAMPLE H: 




PRESENT VALUE OF AN IRREGULAR 
FLOW COST SAVINGS. 



A retail store occupies 2.4 x 10 1 * ft 2 p.f floor 
space and is open.for bu'siness 3720 h/yr (12 h/d, 
Monday through Saturday). For lighting, the 
store 4 has 375 fixtures having four 40-W bulbs. 
Each fixture measures 2 by 4 feet. Illumination; 
is .100 fbotcandles. To reduce electricity costs, 
the -removal of two lamps from, every oth^r -light 
fixtij^e^in the^ store has been recommended. This 
change wousLd reduce illumination to 82.5 foot- 
candles, which woulcf maintain adequate illumina- 
tion for store operation, the cost of electric-* 
ity will* be 3.4 .cents per kWh for^the next 5 
years, at which tifh'e it, will increase to 4 cents 
pei* kjtfh. Tfre relevant interest rate *is 10$. -~ 



.J 
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Examplfe H. ' Continued, 



Find: The annual cost savings associated with^this 

* » 

project, and the'present value of these savings 

over the next 10 'years, , 

Solution: ^ * 575 Number of fixtures 

J 2" . where change is made, 

40 W per lamp x 2 8Q w sayed per * £ixture 
lamps charfged per = wh ^ re c}iange is made , t 
fixture ° 

Therefore, 

Watts Conserved = ^y 2 - fixtures x 80 W/ fixture 

... ' ' 15-,000 W. 

Since 10*00 if = 1 kW, the savings can also be 
expressed, as' follows: 

ISfeW . Vs kW 

i-ooo ib KW - . - . 

Now, since the store is open 3720 h/yr, the 
amount of energy saved per year i? given by the' 
follbwxng: 

• , * ^ 15 kW x 3720 h .= 55, 800 kWh. 

Thes cost savings for each. of the first 5 years 
>are given as follows: ~" 

>55-, 800 — = $0.034/kWh = ^$189 7 . 20/yr -. 
©. 

After the fifth y ear , -when' the price of elec- 
tricity- will increase, the annual cost savings 

* , will be as* follows: 

55, 800 kWh x $.0,04/kWh = $2-322/yr. 
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Example. H. Continued. 



r 



So, the savings of the* project form, an annuity t 
Q'f $1897.20/yr for 5 years, followed by another 
^5 -year annuity of $2322/yr. The present value . 
of these* cos* savings gjiay be determined by find- 
ing the present Value of the cost savings asso- 
cia.ted with each year (a series of fixed amounts) 
and then taking .their sum. This process is shown 
in*Table 6. 



TABLE 8. " PRESENT VALUE OF AN IRREGULAR 





FLOW 


OF COST SAVINGS. 


Year 


Cost 
Savings 


- PVIF 
(IJata Table 2) 


Pre.s*ent. 
Value 


1 ' 

r 


$1897 . 20 


0.9091 


$1724.74 


2 


1897.20 


0. 8264 , 


1567.85 \ 


3 


1.897 . 20 * 


0.7513 . 


1425.37 


4 


1897.20 


0.6830 


1295.79 


5 - 


189 7.20 


0.6209 


1177.97 


6- 


, 2322.00 


'0 . 5645 


1310.77 


7 


2322.00 


, • 0.5132 
0.4665 


1191.65 ' 


8 


2 322 ."00 


1083.21 


9 


• 2 322 .00 


0.4241. 


984.76 


10 


2.3*22.00 


0.3855 


' .895.13 



Total Present Value 
of Cost Savings 



= $12657.24 
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COST ESCALATION AND PRESENT VALUE 



The most likely instance 'of an irregular flow o£ cost 
savings is when energy costs increase, resulting in a greater 
'potential cost savings each year. In this situation the 
cost savings of -each year in the future are computed, ustng 
the" cost escalation method presented in Module EE-02, "Finan- 
cial Parameters bf Energy Economics. 11 Then the present value 
of each year's cost savings are added together (in the same 
manner they were added in Example H of this module) . The 
following example (Example I) should make this procedure 
easier to understand: 



EXAMPLE I* - COSf" ESCALATION AND PRE SENT VALUE. 



Given; 



Find: 



Solution : 



Energy conservation measures will res*ult in 
-savings 'of -3.6 x 10 8 ft 3 of na tur.al gas p er year 
for 4 y years. The price, of^ natural gas is' now^ 
$2.50/M ft 3 and is expected to rise at a rate of 
61 per year for the next 4 years. The interest 
rate, is 121. 



9 * * • 

The cost ^savings associated Vith each of the 
next 4" years and. the total present value of the 



savings. 

Cost of natural 
gas after I year 



Cost savings - 
of. first year 



Cost of' . FVIF (1 year, 6$) 
- n'atural = (obtained from 
gas now Data, Table 1) 4 

= $2. SO x 1.0600 

= $2.6 5/M St 3 . 

= $2.65/M ft 3 x 3.6 x 10 8 ft 3 
= $954. 
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Example I. Continued. 



Cost o£ natural 
gas affer t 

2 years 

Cost savings 
of second year 

Cost of natural 
gas after 

3 years 

Cost savings 
of third year 



$2.50 x 1.1236 
$2.81/M ft 3 . 

$2.81/M ft 3 x 3.6 x 10 8 
$1011.60. 

$2.50 x 1.1910 
$2.98/M ft 3 ." 

$'2.9 8/M ft 3 x 360 M ft 3 
$1072.80. 



ft : 



Cost of natural 
gas after 
4 years 



Cost savings 
of fourth year 



= $2.50 x 1.2625 
= $3.16/M ft 3 . 

= $3.16/M ft ft 3 x 360 M ft 3 
= $1137.60. . ' 

The present value of the cost savings of each 
year is calculated and summed in Table 7. 



TABLE 7. PRESENT VALUE QF COST SAVINGS. 



9 - 
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Year 


• Cost 
Savings ' 


pvip- . 

. (Data Table 2) - 


Present Value 
of Savings 


1 


$9 54.00 


0.8929 . 


$ 851 . 83^ "* 


■ 2 


1011.60 


0. 7972 


. 8-06 .45 ' , 


3. 


10 72. 8'0 


0.7118 


763.62 ; 


4 


1137.00 


0.6355 


722 . -94 


Total Present Value of the 
Cost Savings of the 4 Years 


= $3144.84 « 






t ■ 


* 


y 


7 




1 
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CONCLUSION 

The purpose of the- techniques presented in this module 
is to. give the student the ability to assess accurately the 
costs and cost savings associated witlT proposed energy pro- 
jects* these' techniques and their underlying principles are 
central to' the types of analyses the energy specialist must 
perform. • \* 
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EXERCISES 



1. 



In a plant whe^re the value of steam is5$1.20 per million 
Btus, a leak estimated to be one-eightfy of an inch in 
diameter was found in a steam, tracing $ine operating at 
100-psig, The steam l^ss_ was at an animal' ^rate of 540 
million Btus (Figure 1) . > C,„ . \ 
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Figure 1, 



2. 



Heat Loss from Steam Leaks, 

a. Determine, the annual 'savings associated 1 ^ with the 
repair/of the leak, 

bv Assuming a 15-year life of rep^ir*and an interest 
rate of what is the present value of the sav- 
ings associated with the repair of the steam-leak? 

The'potentiai for sdving energy fey regularly- monitoring 

boilefr efficiency is, 'illustrated by the detection' of a 
^etei^of^^ear^barfle in "the bailer wjiich hacl- an estimated 

repair co£t o'f $1500 but^w^a-sted fuel* costing $40*50/d. 
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This manufacturing plant had -oil -burning boilers pro- 
ducing approximately 190,000 pounds of*, strain per hour. 

The -boilers were modern a#d were equipped with 
wide-range, f low -me taring combustion, control. The 
total systems were carefully set up, the combustion 
was tested by the manufacturers representatives, and 
the installed boiler efficiency was determined. 

A routine was set tfp to* take ' integrated steam- 
flow and oil-flow readings and^to compute the boiler' 
efficiencies each day A banning chart^of .the daily 
efficiencies was made so that performance could be 
compared, at a glance, with the original efficiency.^ 
This procedure 'worked well for 'several years,, with 
gradual degradation*' showing the ^need" for periodically 
calling in the control manufacturer's service engineer 
'for a combustion control tune-up. * + 

During one period; the efficiency of one of the 
-boilers,, which generated^6Q ,000 lb of steam per- hoop, 
began to decrease rapidly, dropping about 2% over a 
2-week period. An analysis oi other readings showed' 
that the average flue-gas temperature> for that ^d'iler 
had deteriorated, causing the, fcigh tlue-gas temperature 
and the resulting lower efficiency. - - 

This' boiler had a tot'al- daily steam flow of 
1,440,000 lb, and each pound of steam absorbed 980 Btus 
of heat in the boiler. The J,otal daily oil flow to 
this boiler was 12,700 gallons, of v°il /wa,th a heating 
value of- 139 ,300 Btu/gal. - Tlius , the boiler . efficiency 
can be expressed as, follows.: (/ 
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Us 



4 1 



•Efficiency, % ; 

• hfeat absorbed x ^q^% • 



heat input 

1,440,000 lb steam/d x 980 Btu/lb ^ nn > 

" 12 > 700 gal oil x 139 ,300 Btu/gal AUUs 

= 79.8%. 



/ 



Rate of heat lcTss at a. decrease of 2% in efficiency 
was as- follows! " , < 

Heat input at 79.8% efficiency * 

.= 12-, 700 gal/d. X s 139 ,300 Btu/gal 

= 1769 Nffitu/d. 

He'at -input at 77.8% efficiency 

1,440 ,000 lb/d x 9,8.(13 tu,-l ,1b 
~ 0. 778 

= 1814 MBtu/d. 

1 Heat loss ' ^ 

~= 45/MBtu/d* 

At a -fiiel cizlst of $0.90/MBtu, the- loss is as follows: 

Cost of loss 

= 45 MBtu/d x $0*90/MBtu 
»■ = $4O'.50/day. , 

Estimated repair dost for yba^fle = $1500, 

SUGGESTED ACTION / V- 

Establish a program to monitor boi>3rer e££iciiency. 
as J*} tool to' control, energy waste/* - 

SOURCE: An equipb^nt manufacturer/ < # 
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4 



a; - Assume th^t the boiler is in* operation 365 d/yr-. 
and that the life of th<fe repair is 1 year. The 
interest rate is "10%. Should thp repair be done? 

b. Suppose that tfye cost of fuel is escalating* at 

1% per month. Calculate the present value of the 
cost savings- from 1 year of operation.- 

c. If'the minimum Tife^of the repair is 2 years, 
what is the maximum amount (the manufacturing plant 
should be willing to pay for repairing the baffle? 
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DATA TABLE 1*. FUTURE VALUE, OF $1' (FVIF) . 



m 
m 
i 

o 
w 

Orq 




16' 
17 

• 18 
T9 
20 

21 

22' 

23 

24 

25 

26 
27 

is 

* 29 

. 30 

40 
50 
' 60 



1 1726 
1 1643 
1 1961 
1 2061 
1 2202 

1 2324 
1 2447 
1 2572 
1 2697 
1 2824 

1 2953 
1 3062 
1 3213 
1 334$ 
1 3478 



1 3728, 
1 4002 
1 4282 
1 4568 
14859 

1 5157 
1 5460 
1 5769 
1 6064 
1 6406 

1 6734 
1 7069 
1 7410 
1 7758 
1 8114 



1 4889- 22080 
1 6446 26916 
1 8167 3 2810 



16047 
1 6528 
1 7024 
M 7535 
.18061 

1 8603 

1 9161 
19736 

2 0328 
2 0938 

*1566' 
2 2213 
2 2679 
2.3566 
2 4273 

32620 
4 3839 
58916 



1 8730 

1 9479 

2 0258 
2 1066 
2 1911 



2 1829 
.2 2920 
2 4066 
2 5270 
2 6533 



2 2788 2 7860 

2 3699 ? 9253 

2 4647 3 0715 

2 5633 32261 

26656 33864 

2 ??25 3 6557 , 

2 8834 3 7335 

2 9987 3 9201 
.3 1187 4 1161 

3 2434, 4 3219 

4 8010 "70400 
"7 1067 11 467 

10 619 18 679 



2 6404 
2 6928 

2 8543 

3 0256 
3 2071 

9 

33996 

3 6035 
38197 
40489 

4 2919 

4 5494 

4 6223 
6 1117 
54\84 

5 7435 



2 9522 

3 1588 
3 3799 
3 6165 

3 8697 

4 1406 

4 4304 
.4 7405 

6 0724 

5 4274 

5 8074 

6 2139 

6 6488 

7 1143 
7 6123 



3 4 259 3 9703 4 5960 6 1304 8 1372 

3 7000. 4 327^S0Jv45 6 8660 9 2765 
3.9960 4 7171 5te99^6^00 106*76 

4 3(57 5 1417 6 1159 x 861^8 12 055 
4 6610 5 6044 6 7275 964,63 1 3 743 



10 265 \A 974 
18420 29 457 
32 987 67> 946 



60336 
5 4365 

5 8715 

6 3412 
66485 

7 3964 

7 9881 

8 62* 

9 3173 
10062 

?1 724 

•46 90t 
101 25 



6 1088 7 4002 10 803 15 667 

6 6586 ' 8 1403 12 100 17 861 

7 2579 8 9543 13 552 20 361 
79111- 98497 15 178 23212 
8625fl 10834 17*000 26461 



9 3992 
00 245 
11 167 
12172 
13 267 



ft 918 

13 110 

14 421 

15 863 
17 449 



19 040 
21 324 

23 883 
26 749 
29-959 



31409 45 259 93 050 
74 357 117 39 289 00 
17603 304 46 897 69 



9 3576 
10761 
12 375 
14 231 
16366 

18821 
21 644 

24 891 

28 625 
32 918 



30 166 37 856 

,34 389 43 535 

'39 204 50065 

44 693 67 575 

50 950 , 66 211 

188 88 267 86 

700 23 1083 6 

2595 9 4383 9 



10 746 
12 467 
14 462 
-16 776 
19 460 

22 574 
26186 
30 376 
35 236. 
40 874 

47 414 

55 000 
63 800 
74 008 
85 849 



14 129 
16.672 
19 673 
23 214 
27 393 



18488^31 242 
22 166 38 740 
26 623 48 038 
31948 69 567 
38 337 73 864 



51,923 
66 4 61 
65 070 
108 89 
139 37 



32 323 46 005 

38 142 55 206 

45 007 66 247 

53 108 79 496 



91 591 178 40 

113 57 228 35 

140 83 292 30 

174 63 374 14 



62 668 96 396 216 54 478 90 



73 948 114 47 

87 259 137 37 

102 96 164 64 

121 50 197 81 

143 37' 237 37 



268 51 612 99 

332 95 784 63 

41286 10043 

511 95 -tl285 5 

634 81 1645 5 



84 953 
112 13 
148 02 
"195 39 
257 91 

340 44 
449 39 
693 19 
783 02 
1033 5 

1364 3 
18009 
2377 2 
3137 9 
4T42 0 



136 96 
186 27 
253 33 
344 53 
468 57* 

63726 
66667 
11766 
1602 9 
21800 

2964 9 
40322 
5463,8 
7458 0 
10143 



378 72 750 37 1 469 7 5465 9 19426 66520 
1670 7 3927 3 9l004 46890 
7370-1 20565 56347 
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DA^A TABLE 2- PRESENT VALUE OF $1- (PVIF). 



Ptriod 


t% 


* 

2% 


3% 


4% 


5% 


6% 


7% 


8% 


9% 


— 

10% 


12% 


14% 


15% 


16% » 


18% 




24% 


XQ M 


«** /• 4 




. 1 


.9901 


9804 


.9709 


9615 


.9524 


QA1A 




Q9KQ 
Pa 


Q Ma 
.9 1/4 


GAQ1 


DO 1Q 


A779 


.8696 


.8621 


8475 


8333 


.8065 


7813 / 


.7576 


,7353 


2 


19803 


.9612 


.9426 


.9246". .907(1' 


QOAA 


.o/j*« 


OD/J 


£M17 
,a*i 1 / 




7Q79 




7561 


7432 


.7182 


6944 


6504 


6104 


.5739 


5407 


3 


.9706 


.9423 


9151 


8890 


.8638 


.8396 


3163 


.7938 / 


7722 


7513 


.7118 


.6750 


6575 


.6407 


6086. 


,5787 


.5245 


4768 


v4348 


.3975 


4 4 


.9610 . 


.9238 


' .8885 


.8548 


.8227 


.7921 


7629 


7350 


.7084 


6830 


,6355 


.5921 


5718 


5523 


5158 


*4823 


4230 


,3725 


.3294 


.2923 


5 


.9515 


.905/ 


OO/D 


8219 


.7835 


/4/J 


/ 1 JU 


OOUO 






367 4 


.5194 


4972 


4761 


4371 


4019 


3411 


.2910 


.2495 


.2149 


6 


.9420 


odot\ 
ooov 




.7903 


7462 


/uOU 


cceo 
OOOO 


oouz 




5645 


5066 


4556 


4323 


4104 


.3704 


.3349 


.2751 


.2274 


1890 


.1580 


7 


9327 


8706 


8 1 3 1 


. /ayy 


/1U/ 


DO 3 I 


C997 
Dec / 


coot 








3996 


.3759 


,3538 


3139 


.2791 


2218 


1776 


1432 


1162 


8 


.9235 


.§53$ 


.7894 


.7307 


.6768 


.6274 


5820 


5403 


# 5019 


4665 


.4039 


.3506 


.3269 


3050 


.2660 


.2326' 


1789 


1388 


"1085 


.0854 


9 


9143 " 


.8368 


.7664 


7026 


.6446 


.5919 


5439 


5002 


4604 


4241 


3606 


.3075 


.2843 


.2630 


..2255 


1938 


.1443 


.1084* 


0822 


.0628 


10 


9053 


8203 


7441 


6756 


6139 


.5584 


5083 




yl99y| 


JQ33 


Jill) 


9£Q7 




2267 


1 9ljl 


1615 


1 164 
i 


0847 


0623 


.0462 


1 1 


.8963 


8043 


.7224 


.6496 


.5847 


5268 


4/9t 


hc09 


JO/9 




to 10 


,t JQv 


.2149 


1954 


1619 


346 


.0938 


0662 


.0472 


.0340 


12 


.8874 


TOQC 
/DOD 


1Al /I 


6246 


5568 




4440 


^Q7l 
■39/ 1 




3186** 




2076 


1869 


1685 


.I3*2v 


f 1 122 


0757 


.0517 


.0357 


0250 




8787 


7730 


.6810 


6006 


.5303 


4 cop 
HOOO 


*# 1 


. Jo// 


Q9C9 


9RQ7 


99Q9 


IOZ 1 


1625 


1452 


1163* 


' .0935 


0610 


.0404 


.0271 


0184 


14 k 


,8700 


7579 


.6611 


5775 


.5051 


4423 


3878 


3405 


.2992 


2633 


2046 


1597 


1413 


1252 


.0985 


0779 


0492 


.0316 


.0205 


.0135 


15 


.8613 


7430 


.6419 


.5553 


4810 


4173 


3624 


3152 


2745 


.2394 


1827 


1401 


1229 


.1079 


.0835 


.0649 


.0397 


• 0247 


.0155 


.0099 


16 


8528 


.7284 


.6232^ 


.5339 


\ 

4581 


.3936 


3387 


.2919 


2519 


.2176 


1631 


1229 


1069 


»0930 


0708 


«.054l . 


.0320 


.0193 


0118 


.0073 


17 


8444 


7142 


6050 


.5134 


4363 


.3714 


.3166 


.2703 


.2311 


1978 


1456 


1078 


0929' 


.0802 


' 0600 


0451 


.0258* 


.0150 


.0089 


.0054 


18 


.8360 


7002 


5874 


4936 


. 4155 


.3503 


2959 


.2502 


.2120 


1799 


1300 


0946 


.0808 


.0691 


0508 


.0376 


.0208 


.0118 


.0068 


.0039 


19 


#277 


6864 


.5703 


4746 


3957 


3305 


.2765 


.2317 


1945 


1635 


.1161 


0829 


.0703 


0596 


,0431 


0313 


0168 


0092 


.0051 


.0029 


20 


8195 


.6730 


.5537 


4564 


.3769 


.3118 


.2584 


2145 


1784 


1486 


1037 


0728 


0611 


0514 


0365 


0261 


0135 


0072 


.0039 


.0021 


25 


.7798 


.6095 


4776 


.3751 


-.2953 


.2330 


1842 


1460 


1160 


0923 


0588' 


.0378 


• .0304 


0245 


.0160 


0105 


.0046 


0021 


0010 


0005 


30 


7419' 


.5521 


4120 


3083 


.2314 


.1741 


1314 


0994 


0754 


0573 


.0334 


.0^96 


0151 


0116 


0070 


0042 


.0016 


0006 


.0002 


.0001 


40 


.0717 


4529 


3066 


.2083 


1420 


0972 


.0668 


0460 


0318 


0221 


0107 


0053 


0037 


0026 


0013 


0007* 


0002 


..0001 


« 


• 


50 


i 6080 


.3715 


.2281 


.1407 


.0872 


0543 


0339 


0213 


0134 


0085 


0035 


-0014 


.0009 


0006 


-0003 


0001 


• 




• 


« 


60 


,.5504 


.3048 


.1697 


.0951 


.0535 


.0303 


0173 


0099 


0057 


0033 


.0011 


.0004 


0002 


0001 


• 


• 


• 


« 


« 


































*Tht factor is 2tro to four decimal pUctj. 



123 



12-f 



♦ 




m 
i 

p. 

CD 



DATA TABLE 3. 



FUTURE VALUE OF AN. ANNUITY OF $1 (FVIF ), 

3> 



Numb* of 
Ptfkxfr 



1% 



*5% 



.6% 



7% 



• % 



9% 10% 



Iff 


1 0000 


1 0000 


2 


2 0100 


2.1)200 




3 0301 


30604 




40604 


4 J216 


s 


5.1010 


5 2040 


6 


a 1520 


6.3031 


7 


7,2135 


74343 


8 


3 2857 


8 5830 


9 


93685 


9 7546 


10 


10462 


10949 


ii 


11566 


12.168 


12 


12682 


13.412 


13 


13 809 


14 680 


14 


14 947 


15 973 


IS 


16.096 


17.293 


16 


17 257 


18639 


17 


18430 


20012 


v 18 


19*14 


21 412 


19 


20 810 


22 840 


20 


22.019 


24 297 


21 


23 239 


25.783 


*22 


24 471 


27 299 


23 


25 716 


2a 845 


24 


26 973 


30,421 


25 


28 243 


32 030 


26 


29525 


33 670 


27 


30 820 


35 344 


28 


32129 


37 051 


. 29 


' 33 450 


38 792 


30 


34 764 


40 568 


40 


48886 


60402 


50 


64 463 


64 579 


50 


81 669 


11405 



2% 3% 4% 

1 0OOa 1 0000 1 0000 UDOOO 10000 10000 1 0000 1 0000 10000 10000 10000 



12% 



14% 15% 



16% 



10000 



B vvw a, www b.vrm * WW £ UJW 

30909 31216 3 1525 3 1838 ,32M9 3 2464 3 2781 



64684 


66330 


68019 


6 9753 


J 1533 


7 3359 


7 6625 


78963 


8 1420 


8 3936 


86540 


8.9228 


8.8923 


9.2142 


9 5491 


9 8975 


10 259 


10 636 


10.159 


10 532 


11 026 


1 1 491 


1 1 978 


12 487 


"463, 


12006 


12 577 


„ 13 130 


13816 

> 


14 486 


12 807 


13 486 


14 206 


14 971 


11783 


16*645 


14 192 


15 025 


15917 


16669 


17888 


18 977 


15617 


16 626 


17 713 


'18882 


20.140 


21 495 


17 086 


18 291 


19 598 


21 015 


22 550 


24 214 


18 598 


20023 


21 578 


23 276 


25 129 


27 T52 


20.156 


21824 


23 657 


25 672 


27 88E 


30 324 


21 761 


23 697 


25 840 


28 212> 


30840 


33.750 


23414 


25 645 


28 132 


30 905 


33 999 


37 45Cv 


25.116 


27 671 


30S39 


33 760 


37 379 


41 446 


26 870 


29 778 


33 066 


3a 785 


40 995 


45 762 


28676 


31969 


35.719 


39 992 


44 865 


50 422 


30 536 


34 248 


38 505 


43 392 


49 005 


55 456 


32 452 


36 617 


41 430 


46 995 


53 436 


60 893 


34 426 


39082 


44 502 


50816 


58 176 


da 764 


36 459 


41 645 


47 727 


54 864 


63 249 


73 105 


38 553 


44311 


51 113 


59 156 


68 676 


79 954 


40 709 


47 084 


54 669 


63 705 


74 483 


87 350 


42 930 


49 967 


56402 


68 5^3 


30 697 


95 338 


45 218 


52 966 


62 322 


73 639 


87 346 


103 96 


47 575 


56,084 


66 438 


79 058 


94 460 


113 28 


75 401 


95 025 


,120 79 


154 76 


19963 


25905 


11279 


152 66 


209 34 


290 33 


406 52 


573 76 


163 05 


237 99 


353 58 


533 )2 


813 52 


1253 2 



7 5233 7 7156 8 1152 

9 2004 9 4872 10 089 

11 028 11 435 12 299 

13 021 13.579 14 775 

15.192 15.937 17 546 

17 560 18 531 20.654 

20140 21384 24 133 

22 953 24 522 28029 

26 019 27 975 32 392 

29360 31 772 37 279 



85355 
10 730 
13 232 
16085 
19337 

23 044 
27 270 
32088 
37 531 
43642 

50980 
59117 
68394 
7a969 
91 024 



8 7537 8 9775 

11066 41413 

13 726 14 240 

16 785 17 518 

20 303 21 321 

24 349 25.732 

29001 30850 

34 351 36.786 

40 504 4% 672 
47 580 ^51 659 

55 717 60925 

65 075 71 673 

75 836 64 140 

68211 98603 

102 44 115 37 



11596 134 20 19069 272 £ 



10476 11881 13484 

12043> 137 63 157 41 

138 29 159 27 183 60 

158 65 184 16 213 97 

181 87 212 79 249 21 

20833 24571 29006 

283 56 337 50 

327 10 392 50 



11% 


20% 


24% 


29% 


32% 


36% 


1 0000 


1 0000 


1 0000 


1 0000 


1.0000 


1 0000 


2.1800 


2 2000 


2 2400* 


2.2800 


23200 


2.3600 


3 5724 


3.6400 


3 7776 


3 9164 


4 0624 


42096 


5 2154 


5.3680 


3 Oo*>< 


aoi56 


63624 


6.7251 


7 1542, 


7 44 16 


8 0484 




9 3983 


10 146 


9 4420 


9.9299 


10 980 


U.IJ9 


13 405 


14 786 


12 141 


12 915 


14615 


13533 


18695 


i\ 1*0 


15 327' 


16499 


19.122 


22163 


25 678 


29.731 


19085 


20.798 


24 712 


29369 


34 895 


41.435 


23.521 


25 958 


31 643 


38 592 


47 061 


57 351 


28 755. 


32 150 


40237 


50398 


63121 


78998 


34 93f 


39 580 


50894 


65510 


84 320 


108 43 


42 218 


48 496 


64 109 


64852 


112.30 


14847 


50818 


59 195 


80496 


109 61 


149 23' 


202 92 


60965 


72 035 


100 81 


141 30 


197 99 


276,97 


72 939 


87 442 


12601 


I8186 


262 35 


377 69 


87 068 


105 93 


157 25 


233.79 


347 30 


51466 


103.74 


1*8 11 


195 99- 


300 25 


45944 


700.93 


123 41 


154 74 


244 03 


38532 


607 47 


954 27 


14662 


186 68 


303 60 


494 21 


80268 


12988 


174 02 


22102 


377 46 


633 59 


1060.7 


1767 3 


206 34 


271 03 


469.05 


811 99 


1401 2 


2404 6 


244 48 


326 23 


582 62 


1040 3 


18606 


3271 3 


289 49 


392.48 


723 46 


1332 6 


2443 8 


44499 


342 60 


471 98 


398 09 


1706 8 


3226 8 


6052 9 



1944 7 3034 8 7471 A 18535 29219 46057 



405 27 567 37 1114 6 2185.7 

479 22 681 65 1333.1 2798 7 

566.48 819 22 17160 3583 3 

66944 98406 21289 4587 6 ' 

790 94 1181 8 2640 9 5873 2 

4163 2 ^7343 8 2272a 69377 

21813. 45497 
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5624 7 11197 9 
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DATA TABLE 4, 



PRESENT VALUE OF AN ANNUITY OF $1 (PVIF a ). 



in 
in 
i 

o 



^ 
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Numb* oi 
paymut* 1% 



2% 



3% 



4tf 



•% 



7% 



12% 



1 

2 
3 
4 
6- 

6 
7 

e 

9 
10 



0 9901 

1 9704 

2 9410 

3 9020 

4 8534: 

5 7955 

6 7282 

7 6617 
8.5660 
9 4713 



0 9804 

1 9416 

28839 

3 8077 

4 7135 

56014 

6 4720 

7 3255 

8 1622 
8 9826 



0 9709 

1 9136 
28286 
37171 

4 5797 

5 4173 
^6 2303 

7 0197 
7 7861 
85302 



0 9615 

1 8861 

2 7751 
'3 6299 

4 45l8 

5 2421 
60021 
6.7327 

7 4353 

8 1109 



09524 
16594 

2 7232 

3 5460 

4 3295 

5 0757 

5 7864 

6 4632 
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2 6730 
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6 8017 
7.3601 



11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

25 
30 
40 

60 
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11.2551 
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13 0037 
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14 7179 

15 6623 
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*18 0456 



9 7868 
10 5753 
11.3484 
12 1062 
12 8493 

13,5777 
14.2919 
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15 6785 
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9 2526 
9 9540 
10 6350 
112961 
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13 1661 

13 7535 

14 3238 
14 8775 



8 7605 

9 2851 
9 9856 

10 5631 

11 1184 

11 6523 

12 1657 

12 6593 

13 1339 
13 5903 



220232 195236 17413J 156221 

,25 8077 22 3965 1 9 6004 ,17 2920 

32 8347 27 3555 23 1148. 19 7928 

39 1961 31 4236 25 7298 21 4822 

44 9550 34 7609 27 67£>6 22 6235 



83064 
88633 
93936 
98986 
10 3797 

10 8378 
11.2741 

11 6896 

12 0853 
12 4622 

14 0939 

15 3725 

17 1591 

18 2559 
18 9293 



7 8869 
83838 

8 8527 

9 2960 
97122 

10 1059 
10 4773 

10 8276 

11 1581 



16 1614 



09346 


0 9259 


0 9174 


09091 


08929 


1 8080 


1 7833 


1 7591 


1 7355 


16901 


2 6243 


2 5771 


2 5313 


2 4869 


2 4018 


3 3872 


3 3l2l 


3.2397 


31699 


30373 


4 1002 


3 9927* 


3 8897 


3 7906 


3 6048 


4 7665 


4 6229 


4 4099 


4 3553 


4 1114 


5 3893 


5 2064 


50330 


48684 


45638 


5 9713 


5 7466 


6 5348 


53349 


4 9676 


6 5152 


6 2469 


5 9952 


57590 


5.3282 


7 0.236 


6 7101 


64177 


6 1446 


56502 


7 4987 


7 1390 


6 6052 


64951 


5^377 


7 9427 


7 6361 


7 1607 


68137 


6/944 


8 3577 


7 9038 


7 4869 


7 1034 y 


V84235 


a 7455 


* a 2442 


7 7862 


- 73667—63282-- 


9 1079 


8 5595 


8 0607 


7 6061 


,6 8109 


94466 


8 8514 


83126 


7 8237 


6 9740 


9 7632 


9 1216 


8 5436 


80216 


7 1196 


10 0591 


9 3719 


8 7556 


8 20)4 


7 2497 


10 3356 


96036 


8 9501 


8 3649 


73658 


10 5940 


9 8181 


9 1285 


85136 


7 4694 


11 6536 


10 6748 


9 8226 


90770 


7 8431 


12 4090 


1 1 2578 


10 2737 


9 4269 


8 0552 


13 3317 


1 1 9246 


10 7574 


9 7791 


8 2438 


13.8007 


12 2335 


10 9617 


99148 


83045 


14 0392 


12 3766 


l'l 0480 


9 9672 


8 3240 



14% 16% 16% 1t% 20% 24% 21% Q% 



0 8772 0 8696 

1 6467 1 6257 

2 3216 2 2832 

2 9137 2 8550 

3 4331 1 3 3522 

3 8887 3 7645 
4,2883 4 1604 

4 6389 4 4873 
4 9464 «4.7716 
52161 50168 



08621 08475 

1 6062 1.5656 
2.2459 2 1743 

2 7982 2 6901 

3 2743 3 1272 

3 6847 3 4976 
40386 38115 

4 3436 4.0776 
46065 43030 
4 8332 4 4841 



08333 

1 5278 

2 1065 
25887 
28906 

3 3255 
3.6046 
33372 

4 0310 
4 1925 



03065 0 7813 

1 4568" 1-3916 
1.9813 1 8684 

2 4043 2 2410 

2 7454^2 6320 

3 0205 2 7594 
3 2423 23370 
3 4212 3 0758 
3 5655 3 1842 

*3 6819 3 2689 



0 7576 
1.3315 
1.7663 
20957 
2.3452 

2.5342 
2 6775 
2 7860 
2 8681 
29304 



5 5831 *3423 4 9095 4 6327 3 9124 3 4272 30404 
_6-7245— 5.467B 3.0081 _,4 61O6 3 9616 3 4687 30609 




4 7296 4 0333 
4 7746 4 0591 
4 8122 4 0799 
4 8435^4.0967 
4 8696. 4 1103 



5 4669 4 8476 
5 5168 4 9789 
.5 5482 4.9966 
5 5541 ,4 9995 
55553 4 9999 



4 1474 
4 1601 
4 1659 
4 1666 
4 1667 



3 5026 
3 6177 
35294 
3.5386 
3 5458 

3 5640 
35693 
3 5712 
3 5714 
3 5714 



30882 
3 0971 
31039 
3 1090 
3 1129 

3 1220 
3 1242 
3 1250 
31250 
3 125C 
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GLOSSARY 



Annuity* : The recurring receipt or expenditure of a constant 
dollar amount over several consecutive time periods. 

Compound sum : The future value a dollar amount will grow to 
" if invested now -at a specified interest rate. 

Cost savings : A decrease in future operating costs result - 
ing from a Specific action taken now. 

Futu re .value interest factor of an annuity : A number that^ 
yields the future amount >an annuity will grow to^lf 
dnvested at a specified rate. m . ' 

Irregular flow of cost savings :- A change in .the flow of 
cost savings from one year, to the next. 

' Pre sent value of an annuity : The discounted value of a con- 
stant stream of funds a* a specified interest rate. 



Unending annuity : A constant stream of funds -that has an 
unlimited life . . 
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INTRODUCTION 



In many cases, money must b6 spent to~ implement/or con- 
tinue an energy conservation -program, but^tffe* exact amount 
of money -required <an vary ,v depending , on th6,-size of the pro- 
ject and 'other factors'* For instance, buying and installing 
insulation in a large home would be a more .costly ,proje,c& 



than repairing several sinall leaks in a natural gas line. 
, ■* 
Since energy (fuels) costs money, anything that saves 

^ • # 

energy saves money.. The more money an ejlergy conservation 

proj ect .costs , .the mote money it must save and, therefore, 
the more, energy it must save. The" important consideration 
concerning -any energy conservation project vs how its ob^t 
savings compare with its cost?, in present- value terms'T An 
energy specialist, therefore, must.be able to determine accu- 
rately the cost of an energy project and-the cost savings it 
will generate, and then convert these 'figures* to present 
value. By now, ;the student should be famil ( iar with *the cal- 
culation X)f present value when costs and cos^t savings are 



given . 



This module explains several concepts, techniques, and 
factors which can be helpful in the accurate determination 
o'f costs' and cost savings. Present-value techniques are only 
as good as the cost estimates on which they are based; there- 
fore, the .energy specialist must be concerned with the accu- 
racy of cost and cost-savings- figures . * ^ 

In this module, 'the student is introduced 'to several 
factors that can affect the actual level of the costs and^ 
cost savings of .energy projects. .Often the Actual level is 
not what * it initally appears to be. The. process Qf borrowing 
money to finance an energy project is discussed, and the im- 
pact on costs is demonstrated' Taxes and their effect on 
costs and cost savings are explored. Finally, the concept of 
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life-cycle costing As presented. 'In all cases, the' student^ 
is introduced to techniques that adjust for these factors in 
cost and cost-saving determinations. 

PREREQUISITES , ^ 

! 

The student should have a good understanding of basic 
algebraic functions .and should have completed, Modules EE-02, 
and EE-03 o'f Energy Economics ./ • ' , 



OBJECTIVES v ( 



* Upon .completion of this module,' the student should be 

able to : . * m * ' • . 

*1. Define 'the following -terms 1 : „ . C / ~ 

i a. Investment . . 

\ b. • Down payment. 

c. - Installments. 

d. Outstanding balance. *\ '"^ 

e. Tax deduction. 



f. Mar«grhal tax rate. 

g. Tax credit. ■ " 

h. Li|e of investment - costing period/ > . 

i. Engineering, design, and development costs 

j. Product costs. ^ . , < * • 

k. 'Operating costs. y 
\. Life-cycle cost, x t \ 
2. Given the appropriate information, compute the following 

a. The dollar effect of a tax deduction: 

b. The dollar effect of a tax credit. 
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Explain the effect of tax deductigns and. credits on 
the following: * , 

a, Costs, ♦ t 

b. Cost savings/ . * 
determine how much' of an installment payment applies 
„to >each of the following:- - f 

a. Interest. - — - 

b. Reduction of principal, - 
Classify the costs of an energy project into the 
appropriate life-cycle coating categories, and \|se e 
the information to calculate the total cost-xtf owning 
and operating an object or system. 

Analyze the way in which the* costs .of an energy project 
relate to thQ cost savings it generates in present-value 
terms, ^ 

'-Dese-ribe the use of marginal analysis in the evaluation 
of energy projects,. 



r 



V 
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SUBJECT MATTER 



"FINANCES OF AN INVESTMENT 



Whenever money is spent by an individual or by an orga- 
nization on a project (system) or a product with the purpose 
of reducing co'Sts or otherwise making money; the object of 
that expenditure is -called 'an investment . 'The process of 
purchasing and installing the system or product is called' 
making an investment. The size of the investment - the 
amount of . money spent — varies widely depending on the na 



ture of' the> particular project. When the investment is larg^, 
often the person or 'business will borrow the money that is 
needed because there is not enough- "idle cash" (money in the 
bankjthat is np.t being used for -anything else) available to 
purchase the desired' equipment or system. • Obtaining money 
to pay for an investment in energy conservation is called . 
financing the investment. Money for ' investment is normally., 
borrowed from a bank - although other organizations*, such as 
savings and loan companies and insurance companies, will also 
lend money. It should be noted, however, that financing is 
often obtairted~ from intejyjal sources - money already in, the • 
possession of the business or individual. 

When' money is borrowed,- interest must be paid to the - 
"lender-. .-The interest is "rent" that is paid by the borrower 
for the -use of the lender's money.' The amount of interest 
paid per year is usually some percentage of the amount bor- 
' rowed. 'This percentage is called the interest rate. A loan, 
is usually paid back a little at a time - a certain amount 
per month" or per. year. The^total amount paid back will be 
more than the' amount borrowed "because .of the 'interest the 
borrower must' pay. ' The .process of repaying a loa*n is shown 
in Figure 1 . , . - n 
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MONEY" 
IS 

BORROWED 



SERIES OF 
* MONTHLY OR 
YEARLY PAYMENTS 
(CAN BE ANY NUMBER) 



TIME 



Figure 1. -How a Loan is Repaid, 



MONEY 
IS • 
COMPLETELY 
REPAID 




*In most cases only part of /the money .needed to begin 
an energy conservation project is borrowed. Usually, part 
is paid initially and the remainder is borrowed. When this 
happens, the i-nittal amount paid is called the down payment , 
and the payments to be made" later are called installments, 

t N 

Each ^installment consists* of two parts: (1) the interest 

charge, and (2) the amount paid to r'educe the tota^l amount * 

borrowed., The total amount borrowed is called th^ principal, 

* 

Thus, the following equation can be stated: / 

, . x . . ' . - 

a * L It*. "Amount paid to 

• toount ^ L ^terest + reduce . » he . Epuation 1 

Histallm^J", charge principal 

• ' 

/ 

JTJve^amount of the loan«still to be repaid at any one 
time is called the outstanding balance p£ the loan. The 
'interest charge portion of an installment is given 1 by the 
following equation: 
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Interest charge 
portion of 
installment 



Outstanding 
balance when 
payment is 
made 



Interest 
rate 

/ Equation 2 



After the interest charge has been determined, the $ema^tfrng 

amount is used to reduce the outstanding balance. 

A series o£ installments can take one of two f prms : 

/ • The outstanding balance is reduced by the 

same* amount with every payment. This means 
the interest charge will be different each 
month, so the total payment will be differ- 
ent each month, 

• The total amount of the payment each month 
is always the same, so both the interest 
charge and the outstanding balance redac- 
tion will .change. 

The next two examples (Examples A and B) illustrate both 
forms olE repayment. 



EXAMPLE A: OUTSTANDING BALANCE REDUCED BY THE SAME AMOUNT, 



Given^ 



Find: 



Three thousand dollars is borrowed to pay for - 
home insulation. The interest rate is 10%, The 
outstanding balance of the loan is to be reduced 
by $1,000 each year for 3 years, 
The w interest charge" and total installment for 
each ofothe next 3 years. 



Example A. Continued. 



Solution: First year Outstanding Interest 
interest 4 = balance when x rate 
charge * payment is made 

= $3,000 x 0,10 

_ - $300, . v \ 

Amount, of interest Amount principal 

staUm/nt ~ char S e is reduced 

= $300 + $1,000 

= $1,300. 

* t 1 

Tfte-onretanding balance at "the end ~of ~the firs-t — 

" year is $2 , OCKK^ % 

• 

S&cond year 

interest = S 2 , 0 00 x 0.10 • 
charge • = $20Q> 

» 

1 

Amount of , 

s-e cond- --in- - $-2 00 + $1 y 0 00 -- 

stallm-ent B $1>2 00. 

The outstanding balance at the end of the second 
year is $1 , 000-. , - 

Third year 

interest = $1,000 x 0.10 
charge m $10Q> ' 

*1 Amount of 

third in- = $100 + $1,000 
stallment = $lj000> . 

} 

The outstanding balance at the end of the third 
year is $0; therefore, the loan has 'been repaid. 

** t 4 

\ : 1 



Page 8/EE-04 \ 

. 7 ^ —t38 



EXAMPLE B: CONSTANT INSTALLMENT AMOUNT, 



Given: 



Find 



Solution 



Three thousand dollars is borrowed to pay for* 
home insulation. The interest rate is 10% • 
The total payment per year cannot be more than 
$1,000. 

The interest charge portion of each installment, 
and how long it will take for the loan to be 



repaid in full. 

First year 
interest 
charge 



$3,000 x 0.10 
$300. 



Amount the 
outstanding = 
balance is 
reduced s = 



$1,000 
$700. 



- $300 



The outstanding balance at the end of the first 
year is $3,000 - $700 = $2,300. 

Second yea*r 

interest -= $2,300 x 0.10 
charge = $230> 

Amount the 

outstanding m $1 000 . $23 0 
balance is v 1 
reduced = $770'. 

The outstanding balance at the end o"£ the.second' 
year is $2,300 - $770 = $1,530. . 

Third year * , 

interest = $1,530 x 0.10 
Charge a $153> 
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Example B. Continued, 



Amount thg 
outstandin 
balance is 
reduced = $847, 



outstanding m $1 Q0(X . $153 
balance is * * 



The, outstanding balance at th^ end of the third^ * 
« 

year is $683. 
Fourth year 

interest ; = $683 x 0,10 
char 2 e> = $68,30, < 

The outstanding balance can be reduced to zero 
with one installment: 

Amount of. _ Interest + Amount principal v 
Installment " charge is reduced < ^ 

r = &68.30 +' $683 

• = $751.30. ' ' % 

Thus, t he = loan can be repaid \^i^th-tl ir ee $1,000 

installments, followed by an installment of 
$751.30. The loan would take 4 years to repay. 



It is obvious from the -calculations given in Examples A, 
and B 'that the form of repayment can make^ a substantial dif- 
ference in tjie amount of money that is paid back per year and 
in the length of time the payments must be made. It is impor- 
tant -to recognize that these payments are "costs" of an, energy 
conservation project, ifach of these costs occurs at some 
point in time, and the exact time each payment is made ^s 
very important because of the time value of money. The 
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interest that is paid on the borrowed money is a cost just 
like the actual purchase price of the system 6r object.. For 
this reason, the energy specialist must understand the bor- 
rowing and lending process. 



TAXES 



» Taxes can* have an important effect on cosfs because 
taxes apply, to different things indifferent ways. t For 
instance, suppose an individual purchases and installs a 
♦solar water-heating system with borrowed money. Personal 
income (money earned) will be used to pay the installments 
until the loan is repaid. The,se wages are subject to federal 
income tax, that is, a certain percentage of the wages this 
person earns must be paid to^ the federal government. How- 
ever^ when part of this income is spent on certain items, 
taxes do not have to be paid on that particular part. This. ^ 
particula r , pa r t of^ i±^HmcomeHLs-^deductibrleT — The amount of- 
tax that must be paid can be stated as a percentage of the 
income subject to- tax. This is called .the tax r^te . A per- 
* son who p'ays a certain tax rate is said to be in that partic- 
ular, tajc__bracket . For instance, if 30% of a person's income 
is subject to tax, then that person is. said to be in the 30% 
tax bracket. 

Example C illustrates the concept of the average tax , 
bracket. With federal income tax, however, not all income 
^is taxed equally; greater amounts of income are") taxed at 
higheV, rates . X * ^ 
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EXAMPLE C:.' TAXES, TAX BRACKETS, AND DEDUCTIBLE INCOME 



Given: 



Find: 

t 

Solution: 



An individual is in the 25% tax bracket and 
has earned $20,000. Of that income, $5,000 
was spent on deductible items. 
The amount- of tax the individual must pay. > 



Amount 
subject to>*= 
tax c 



Total- 
income 



, = $20 ,000 
= $15,000 



Deductible 
expenses 

• $5,000 



Tax which Amount 

must be ,= subject x tax rate 

paid to tax 

= $15/000 x 0.25 

= $3,750; 



The tax rate that, applies to the last dollar of income earned 
is called marginal t.ax rate. The marginal rate schedule fox 
an individual could be similar to the one shown in Table 1. • 



TABLE I.' MARGINAL TAX RATES 



1st $2',000 
2nd $2,000 
3rd $2,00-0 
4th $2-,000 
,5th $2,000 
6th $2,000 



15% -flffi through $2,000) 
19% ($2,001 through .$4,000) 
22%' ($4.1001 through $6,000) 
25% ($6,001 through $8,000) 
28% • ($8,p0l'thrbugh $10,000) 
32% ($10,001 through $12,000) 
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Therefore, if a person with a marginal rate schedule like • 
the one in Table 1 earned $11,000 per year, the marginal. tax 
rate on 'the last dollar earned would be 32%. 

4' 



EXAMPLE D: THE MARGINAL TAX RATE. ; . 



Given 5 



Find : 
Solution : 



An individual earns $10,500 per year and has a 

deductible expense! of $1, 500. (The 1 rate schedule 

given in Table 1 \s applicable.) 

The after-tax cost qf the $1 , 500 : deduction . 

Of this deductible expense, $500 would have been 

taxable at 32%; therefore, the savings of that* 

portion are $500 x 0.32 = $160. The other $1,000 

of -the expense would be taxable at 28%, so the 

savings of the, deduction are $1,000 x 0.28 = $280. 

The total savings of the tax deduction are $160 + 

$280 ~ $440. Thus,* the ac^-tKri~eoirt-4^ $ 1 , fr frfr 

$440 = $r,^60. 



Whenever the marginal rate schedule is available, it should 
be used instead of the average rate. 

One important deductible expense is the interest paid on 
borrowed money. In other words*, income used to pay interest 
is not subject to federal income tax. If an individual is in 
the 30% average tax bracket, then 30%.'of that person's income 
must be paid each year to the federal government. When this 
individual borrows ij^hey to finance^ an energy conservation 
project, the interest payments are deductible and will lower 



/ 



;-EE-047_Pag.e_JJ_ 



9 

erlc;. 



143 



the actual cost of the project by reducing taxes paid, Foi 
example, if income "that is. used to pay interest Were taxable, 
then, of every one dollar earned, only 701 could be used to 

.pay interest, .with the rest being paid for taxes. On the 
other hand, if the interest were not taxable, then 301 less 
could be* earned to pay the interest, and not as much of the 

% total amount* earned would be spent on taxes. This applies' 

f to any expense that is deductible; therefore, taxes must be 
considered in order to reflect accurately the actual nature 
of costs and cost savings. Table 2 gives the cost savings of 

^ -payment of $500 beiri^g deductible when different tax rates 
are applicable, , a 



TABLE 2, • SAVINGS OF TAX DEDUCTION, 



ERLC 



Relevant 

Tax 

Bracket 


Amount Th'at kust Be 
Earned If- Payment Is 
Taxable 


Amount If 
Not* Taxable 


* Savings of 

Tax Deduction 


101 
20% 
301 

501 


■ $ 555.56 
625.00 • 
714. -.29 
833.33 . 
1,000.00 


$500 
500 
- 500 . 
500 

500 ^ 


, '$ 55.56 
125.00 . 

* 

, 214.29 
333.33' 
500.00 



s 



- Table 2 shows the obvious: that higher tax rates result 
in more savings when an expense is deductible, .People in 
higher brackets normally must pay a higher tax; but when they 
do not have to p£y the tafic (that is, the expense is deducts 
ible), then the savings lis greater, * 

\ 

Hi — . '. . 
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CORPORATIONS AND TAXES 



Tax situations vary with .different individuals and orga- 
nizations. For instance, some businesses - mcjst large ones - 
are corporation?. Corporations differ from some businesses 
in the manner in which they are" orgainzed: the major feature 
is that they exist on their own,„whil r e other kinds* of busi- 
nessesiare tied to one person or a group of people. ■ All cor- 
porations pay taxes at the same rate - 46% on income 'beyond 
$50,000. (Most corporations earn quite a bit more than that: 
every year.) This fact can make the effect of taxes on costs 
and cost saving^ much easier to determine. 

♦Most business expenditures resulting from general opera- 
tions are ^ tax 'deductible . Consequently the cost of business 
investment in energy conservation is partially offset by tax 
.savings.. The financial benefit of lower energy bills is~ also 
affected by taxes, as shown ip Exampj^e E.- 



EXAMPLE E: CORPORATIONS AND TAXES. 



Given: 



Find : 



A corporation plans to s$t its thermostats 
higher in the summer months in its office. 
^ building, and the savings in electricity will 
be $4,200 per year. The corporation pays 46% 
of its income in taxes. 

The actuskL savings per year of the project. ^ 



V 



1\5 
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Example E. Continued. 



Solution: Since the corporation pays 461 a 4 f its income 
in taxes, and sirtce the electricity bill i$ a 
business expense and, therefore, tax deductible, 
when the corporation saves $4 ,200/yr «in expenses, 
that $^, 200 becomes taxable, Thus/ythe corpora- 
tion's tax bill would increase by $4X200 x 0 .46 
= $.l,93Vy r - The -actual savings is $\|fi200 
g $1,932 « $2,268/yr. 



Example E implies an easy way to compute the actual 
, cost. savings per year of an* energy project,when tax°ctnsid- 

'dratrions , are ' inyolve A d. This i figure is given by the following 
' Jfotmura*: *.v ' 



Actual' cost 
savings 
per year 



iOriginal 
dollar 
savings * 
per year* 



'Applicable 
tax rate 



Equation 3-- _ 



For .instance, consider^ the situ^ffon in Example E as follows: 



m & 

Actual Cost t 

Sayings i $4,2O0'*ju(1 - 0-.46) 

Per Year o $ \ 20/ x' ('0 . 54) 

, W- $2,268/yr. 



ilk 
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Equation 3 can be used for businesses or individuals; 
it is essential, however, that the applicable tax rate be 
known. 4 

It should be noted, also, that whenever a business under- 
takes an eftergy conservation, proj ect , the cost of the project 
is tax deductible. This makes the actual cost smaller. 
Actual cost can be computed in a method exactly like^th^t 
used in Equation 3. 



Actual „ Original 



cost 



cost 



x (1 - Tax rate) x Equation 4 J/ 



TAX CREfll 




9 

Occasionaly the government wants to encourage 'spending 

on a pa rticular item. When this is the case, a tax credit ' 

is often^Tnstituted. A tax credit is a reduction in the tax^ , 
bill an individual or bu^ness must pay. For instance, if an 
individual ' s\ tax bill amounts to $4,000 , ami-he or she qual- r 
ifies for a $600 tax credit, then the amount of 'tax which 
must be* paid is equal to $4\000 - $600 = $3 ,400. Tax credits'- 
can be expressed. -as either a dollar amount or a percentage of 
some other amaunt . Whenever a tax credit is associated with 
an energy, proj ect , it reduces thej cost of the pr&j ec£ , •be- 
cause money that otherwise would have beenlgaid iri taxes can 
jpe 1 used for something else. This concept should become 
clearer with the following example {Example F) : 



:RLC 
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Given : 



Find: 
Solution 



EXAMPLE F: TAX CREDITS, 




An individual buys insulation to install in his i 
of her home with personal ikohey (that is, not 
borrowed). By insulating the home, this indi- 
vidual qualifies for a $300 income tax credit. 
The ^person's tax bill normally would be $3,500, 
The cost of the insulation is. $1,0^0. 
The actual cost of the insulatiTon. 
Since the individual qualifies for a $300 tax 
credit, his or her tax^bill will be reduced by 
$300, Although $1,000 .is paid for the insulation, 
$300 less is paid in taxes: Therefore, the total 
amount spent is $1,000 : $300 = $700, 



Ft should be~cTeaf~~SLl thi#p^nt~Tha7r"T:ax ?onst derartioi 
have a significant impact on both the costs 4 and cost: savings 
of energy projects. This particularly applies to businesses, 
where the costs are tax deductible and the cost saydfngs af e . 
taxable. Often these considerations can completely change 
the way the costs of an energy project ^compare to its cost ' 
savings in present-value terms, and' for this reason, they are 
very important. 
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EXAMPLE G: CORPORATIONS AND TAXES, 




Given: A corporation purchases a microcomputer fot . 

- $15,000, The corporation is in the 461 tax 
bracket. 

Find: The adtual cost of the microcomputer to* the 
company. 

Solution: The microcomputer is a business expense and is, 
therefore, tax deductible. If income were not 
spent on it, the income w.ould be taxable; there- 
fore, 4,6$ of the'$15,000 would have been spent 
anyway in the form of taxes. The actual cost is 
54% of $15,000. Using Equation 4, the following 
may be written: y 

\ * -sy 

\ , A H™ 1 = $15,000 x (1 - 0.46) 
\ =' $15,000 x 0.54 

= $8,100.' - " • 









LIFE OF AN INVESTMENT 
r 

Whenever the total cos<t and cast savings of an energy 
project are calculated, some knowledge needed of how long # 
the system ot device will be Working, An estimate of this, 
^figure can be obtained in a numbet of ways. Often the Manu- 
facturer of the equipmfetft will have data regarding its. ex- 
pected life. The way in which the expected life of an invest - 
men t is determined depends on the information available. It 
should 6e emphasized that it is much bettfer to underestimate 
v the life of an investment than overestimate it. If the equip- 
ment lasts longer than it was supposed to, -then the result is, 
— • * 
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additional cost .sayings. Howler, if a p>iece of equipment 



t]hen it will not 
In the latter case 



stops working before it -^s supposed to 
generate all the cost savings it should, 
the cost of the project might ^actually greater than the 
cost savings, making the project unadvisable 



LIFE-CYCLE COSTING 



Life-cycle costing is a technique that is useful in 
determining the total cost of owning andj using an- energy 
conservation .device — such as a microcomputer "system. Energy 
conservation projects can have costs of many different kinds: 
purchase cost, installation cos,t, maintenance cost, labor 
cost, anc^ so' forth. Life-cycle costing 
costs of an energy project and divides t 
go riest — ^1^-eTTgine^TiiTg^, ~de^igh,~ and development costs; 
(2) total construction cost3; and, (3) operating costs. These 
defined as follows: 



akes all of the ' - 
lem into three cate 



categories are 
1. 



3. 



Engineering , design, and development costs : This 
category includes all costs of making the project 
workable,* including the costs of designing, pro- 
duQingjs and applying the project to a g'iven situ- 
ation. " * ' 

Construction : Included the purchase price, in- 
stallation., and all other, costs needed to get the ; 
project into operation.- 

Operating costs : Once the system is installed, 

these are the co3ts of keeping it going. Such 

• * car « 

-costs include maintenance, personnel, and so forth, 
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Several of these costs and the way they relate are shown in 
Figure 2. - , ~ f 




PROJECT 
ANALYSIS 



DESIGN OF 
EQUIPMENT 



FINANCE 



LIFE CYCLE COST 



1 it 



CONSTRUCTION 
COST 



HARDWARE 
* PURCHASE 



.INSTALLATION 



CT^feKOUT 



DELIVERY AND 
t RAINING ^ 



1 



OPERATION COST 



PERSONNEL 



MAINTENANCE 



INDIRECT COSTS 
\ 



ENERGY ANO 
UTILITIES 



c 



Figure 2. Elements of JUife-Cyclre 'Cost . 

It shou ld be po int ed 'but that not all factors listed in 
Figure 2 apply to every energy conservation project. In fact, % 
in some instances a system or device simply will Jke^kqught 
% and installed; ^therefore, no engineering or -design costs are 
involved. On* the other hand, occasionally a system'will have 
to be modified for application to ^a particular situation. In 
this case, some design 'cost would be involved. For example, 
a microcomputer system for thermostat control in ,a home could 
probably be installed with'very little modification; but the 
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installation of a solar-heating system to supplement a fuel- 
oil-powered system in the* sanie home might involve some design 
work. A situation may'also arise where there .is some type of 
cost that does not fit into one of the^categories shown in 
Figure 2. In all cases, however, the costs of an energy con- 
servation project can be, classified as follows: engineering 
costs, construction costs, or operating costs. 

The process' of lif e-cycle % cost ing is useful because it 
providres a good^etrhod of comparing different* pro jeclrs- which— 
have the same function. A cooling system powered by electric- 
ity has the same function as one powered by natural gas - to 
provide a comfortable environment. t The decisioji that is made 
concerning which kind of system to use wsj.ll depend on the - - 
costs of each. ' The determination and analysis of thes§ costs* 
is not always an easy matter however , because' not all costs 
occur at the same time. Ill this. case, -present -value tech- 
niques become 'necessary . A system must be designed before 
it%is installed, so the design cost will occur before the 
installation cos£; a system must be installed before it is 
operated, so operation c<^sts occur aft^r installation costs.- 
Figure 3 shows (1) when costs in the different categories 
occur and (2) how the magnitude of each type of cost changes 
over a period of time. 

-S ever al" £h±ngs-™s ho u tdHrer-itot i c ed -about Fi-gure- 3 . — There 

is some difference between the end of the costing period (the 
period of time over which the costs are calculated) and the 
end, of the life cycle (when the product or system quits work- 
ing) . The costing period is determined by management, and, 
as' mentioned earlier, it is better to underestimate the pe- 
riod (as is done in Figure 3) rather than to overestimate it. 
If the product/vill last until the end of the costing, period, 
then it will perform all that is required of it to be 
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AT10N / PRODUCTION 



TIME ' , 

v 

* Figure 3. Stages of Life-C>o;le Cost, 

profitable - since the decision to implement it was based on 
the- assumption that* it would last until the end of the, cost- 
ing period. It should also be noted that not all costs in 
e'ach category oc€ur at one point in time. Operating costs 
occur as long as the system is used, and engineering and con- 
struction costs cover shorter time periods, tending to .rise 
and fall in magnitude. ... - - 

To do a life-cycle costing analysis,, the following data 



are 



needed : 
Cost elements 



O p er at i n g p rof il e-^-Aata- r-egar-ding--exaetly w ha t , the- 



system will do 

Utilization factors - to what exten^ the system will 
be used. 

Costs at current prices 

What costs are likely to' be in the future - adjust- 
ing current prices for inflation with cost-escala- 
tion techniques < • 

Costing period , on life 



9 
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Once these data have been obtained, the life-cycle cost *of 'a 
project can be calculated. Then its life-cycle cost can be 
compared to the li£e-cy£le costs of other projects wit,h the 
same goal or function. This comparison can be used t9 help 
determine what should be done. The technique of life-cycle 
costing is simply a method of incorporating all relevant 
costs into the decision-making process. Following is a de- 
tailed example of how life-cycle cost is determined: 



EXAMPLE H: LIFE-CYCLE COSTING 



Given: < An individual is .considering the installation of 
a solar-energy system with 400 ft 2 of collector 
: area in his or' her home. , The engineering and 
design cost is $1,000 (to be incurred in the 
present), and the cost of the system installed 
is $15/ft 2 . The down payment* wqul4 be 20$ \of 
the design ^and construction cost, with the re- 
maining amount borrovfed and paid back over a 20- 
year period at an interest rate of 9%. The annu- 
al payment is $613, with the payment in the 20th 
year being s ligh tly higher {$633.22). the 
- * " interest paid on the borrowed money is tax de- 
ductible ,^nd the individual is in the 38% tax 
bracket. Maintenance costs for the system is 
$100 for the first ydar and should be escalated 
at t% p^r year over the 20-year life of t he 
■ system. . The discount rate that should be used 
in determing present value is 8%. * , ' 



\ 
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Example H. Continued* 

Find: The present value of the total cost of owning . 

the system. 

Solution: Total cost 

associated with = ($15/£t 2 x 400 ft 2 ) + $1,000 
the present m $6>000 +> $ 1>0 00 " 

, - = $7',000. — 

Down payment _= 20% of 'original cost 
= 0.20 x .$7. x 000 

-_ : _ = $i»4ao. 

Amount borrowed = Original cost - Down payment 
• =-$7,000 - $1,400 
'= $.5,600. 

This is the outstand-ing balance at the end of the 
first year just before the first payment of $613 
is made. To find the total cost of owning* the 
system, the present value of the cost of each 
/ _year in the future should be .calculated. Each 

year in the future involves maintenance\costs and 
repayment of*part of the loan (the interest on , 
Vhich is tax deductible]. Table 3 gives the cal- 
culation of the present value of the costs' of each 
year. When this is^^^ded to the-*down payment, the 
- total cost of'owning th\system is obtained (in 

present value terms) \ 



4 
* 

I 



155 



i 

EE-04/Page 25. 



ERJC, 



TABLE 3. PRESENT VALUE OF SOLAR-ENERGY SYSTEM COSTS. 



Year 



1 

, 2 
3 
4 
5 
• 6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
.17 
18 
19 
20 



B 

Outstanding 
Balance at 
end of year 



$5,600.00 
5,491.00 
5,372.19 
5,242.69 
5,101.53 
4,946.67 
4,778.96'' 
4,596.07 
4,396.72 
4,179.42 
3, .942. 57 
3,684.40 
3,403.00 
3,096.27 
2, J&l. 9T 
2,397.50 
2,000.28 
1,567.31 
1,095.37 
580.95 



Interest 

Cost 
(B x 0.09) 



$504.00 
•494.19 
483.50 
471.84 
459.14 
445*29 
430.11 
413.65 
395-.70 
376.15 
354.83 
331.60 
306.27 
278.66 
248.57 
• 215.78 
180.03 
141.06 
98.58 
52.29 



Amt. applied 
to Principal 
($613 - C) 



$109.00 
118.81 
129.50 
141.16 
153.86 
167.71 
182.89 
199.35 
217.30 
236.85 

,258.17 
281.40 
'306.73 

. 334.34 
364.43 
397.22 
432.97 
471.94 
514.42 

' 530.95 



E 

, Interest cost 

after tax 
C x (1 - 0.38) 



$421 

425 
• 429. 

433. 

438. 

443. 

449. 

455. 

462. 

470. 

478. 

486. 

496. 

$07. 

518. 

531. 

544. 

559. 

575. 

613. 



48 
21 
27 
70 
53 
79 
56 
81 
63 
06 
16 
99 
62 
11- 
54 
00 
59 
40 
54 
57 



F 

Maintenance 
Cost esca- 
lated air 67. 



$100.00 
106.00 
112.36 
119.10 
126.25 
133.82 
141.85 
150.36 
159.38 
168.95 
179.08 
189.83 
201.22 
213.29 
226.09 
239 
254 
269 
285 



66 
04 
28 
43 



302.56 



G 

Total. 
Cost 
(D+E+F) 



$521.48 
531.21 
541.63 
552.80 
564 . 78 
577 :61 
591.41 
606.17 
622.01 
639. 0i 
657*. 24 
676.82 
697.84 1 
720.40 - 
744.63 
770.66 
798.63 
828.68 
8S0.97 
915.93 



PVIF 



0.9259 
0.8573 
0.79,38 
0.7350 
0.6806. 
0.6302 
0.5835 
0.5403 
0.5002 
0.4632 
0.4289 
-0.3971 
0.3677 
0. 3405 
0.3152 
0.2919 
0.2703 
0.2503 
317 
f2145 



Present 
Value 



$482.84 
455.41 
429.95 
406.31 
384 . 39 
364.01 
345.09 
327.51 
311.13 
295.99 
281.89 
268.77 
256.6a 
245.30 
234.72 
224.96 
215.87 
207.42 
199.49 
196.47 



Present value of future costs '$ 6,134.12 

Down payment 1,400 + 00 

Present value of the cost of owning and operating solar- energy system $ 7,534.12 

— ■ — ' : ' * ' / 



c 



EXAMPLE I: DETERMIN ATION OF CQgT SAVINGS. 

GjLven: In Example H, suppose that the backup energy 
source "has a cost of $8/10 6 Btu and .is to be 
escalated at 10% per year for each of the 20 
year's,. The annual energy load of the house is 
152,83 x 10 s . Btu- If 400' ft 2 of collector area 
is installed, it will supply approximately 43% 
— of~the~energy needs "of^tfie Tfome, The- discount 
rate is Still 8%, : 



Find: The present value of the' cost savings associated 

with the installation of this system, < 
Solution: Energy saved per year ='43% x Energy load 

= 0,4^ x 152,83 x TO 6 , Btu 
= 65,72 x 10 s Btu. 

The cost savings per year -can* be computed by 
escalating the energy price for each of the 
next-JLCLyears and then multiplying the 'price 
by the above figure. This is done in Table 4, 
where the present value is also taken. 
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TABLE 4. PRESENT VALUE OF COST SAVINGS. 



A 


B 


c 


D 


b 


r 








^Annual 




rresenc 


« 


Price of 


Energy 


Dollar 




Value 




Energy 


Saved 


Savings 


r V xr 


or oavmgs 


Year ' 


(10 Btu) 


(10 Btu; 


(B x C) 






1 


$ 8.00 


/* e to 

65.72 


£ C O C H c 

$ t 525.76 


n qo co 




2- 


8 .80 


fr5 4 j 2 


C *7 Q OA 


n QC 7 0 


/• o C Q 1 
Qyj . ol 


3 


e\ f o 

9 . 68 


£ C TO 

65.72 


£ 0£ 1 "7 

636 . 1/ 


rt T Q OQ 

u • /93o 


e n /, no 
jU4 . 99 


4 


i rt £ e 

10.65 


65 . 11 


699 . 92 , 


U . / 3jU 


CIA A A 
->14 . 44 


5 . 


11 . 71 


£. C TO 

65.72. 


r 769 .58 


rt o rt c y * 


COO A 7 

523 . A/ 


6 


12 .88 


65 .72 


O /. £ A T 


U . 03UZ 


COO A A 


7 


. n / it 

'14.17 


^ e to 

65.72 


nn o c 

931.25 


U • jo 3>. 


CA O OQ 

->4 3 . 3o 


8 


15.59 


65 . 72 


i rt o /. e t 

1,024 .5/ 


U . D4U3 


CCO CQ 

D53 . 5o 


9 


17 . 15 


65. 1 1 


Lfi.i.1 . 1U 


n c.nn? 


C£o to. 
JO J • / o 


- 10 


18.86 


65.72 


1,'239.48 


. 0.4632 


574.13 * 


11 


20.75 


65.72 


1,363.69 . 


0.4289 


.,584.89 


12 


22.82 


65.72 


1,499.73 


0.3971 


595. 54 


13 


25.11 


65.72 ■ 


"1,650.23 


0.3677 


606.79- 


14 


- 27.62 


65.72 . < 


1,815.19 


0.3405 


618.07 


15 


30.38 


65.72 


1,9%. 57 


0.3152 


,629.32 


16 


33.42 


65.72 


2,196.36 


0.2919 


641.12 


\1 


36.76 


65.72 


2,415.87 


■0.2703 


653.01 


18 


40.44 


65.72 


2,657.72 


0.2502 


664.96 


19 


44.48 


- 65.72 _ 


" "2,923.23 


0.2317 


677.31 


20 


48.93 


65.72 


3,215.68 


0.2145 


'689.76 


Total Present Value of all cost savings-. . 




$11,654.59 



1 

In comparing the results s o£ Example I with Example H', 
one can see that the cost savings of the project are greater 
than its costs. Befor.e the~project is implemented, the costs 
and Cost savings of alternatives should be investigated.* 
Primarily, the alternatives in this instance are collector 
areas of different sizes. As can be recalled from studying 
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the marginal analysis techniques, presented in Module EE-G1, 
"Fundamentals of Energy Cost Analysis," the marginal cost -of 
adding a number of square feet of collector space should'be 
compared ^o the marginal cost savings, and the* "best" collec- 
tor area- would be where the marginal cost equals the marginal 
cost savings. The process could go the other way: the cost 
savings associated with a smaller collector area - in the 
form of reduced installation cost - might be greater than the 

value, of the lost_.„e_iiexgy., v In this case,, the. number of>square 

feet should be decreased until marginal cost equals marginal 
cost savings, | * t 

This module has included important calculations of the> 
costs and cost savings of energy projects. When these calcu- 
lations are accurately performed, it is more likely that 
proper decisions concerning the energy projects wilL.be made. 




EXERCISES 



1* / Computation of Payment Schedule. ^ 

A general contractor is building a .pew 80-home 
subdivision for which 80 new central air-conditioning 
(heating and cooling) systems must be purchased. "If 
-purchased from Company A, the units would cost $87,000. 
Company A is willing to provide the units for 10% down^ 
and a payment schedule as follows (based on .15% interest 
•'rate) : 



Year 

1 
2 

3. 
4 
5 
6 



Payment Due, Dec. 31 

$23,000.00 
23,000.00 
23,000.00 
23,000.00 
23,000.00 - 
2,776.66 



Company B will provide similar units for nothing 
°down and $26,000 per year for 5 years. . . 
a. Complete the following payment schedules, dis- 
* counting at 10% : , 



COMPANY A 


Year 


Payment 


Interest 
Cost 


Amt. Applied- 
to Principal 


Balance 


Present Value 
of Payment 


0 
1 
2 
3 
4 

» 5 

' '6 1 


$ 8,700.00 
23,000.00 
23,-000. 00 
23,000. Q0 
23,000. 00 
23,000. 00 
2 ,776.66- 






—L 
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COMPANY B 



Year Payment 

{ $26,000.00 

2 26,000.00 

. 3 " 26,000.00 

4 26,000:00 

'5 26,000.00 



PV of Payments 



-Total— PV o f-xo st~ 
from B 



From whith company should the units be bought? 
If the Contractor is in the 46% tax bracket, calcu- 
late the follcrwing-^^cfS^i.tional columns of the con- 
tractor's schedule : 



,Year 


Interest Cost 
After Tax 


Amt. Applied 
. to Principal 
(same as above) 


Total Cost 
of Payments 


PV of 
Payments 


1 

2 

3 

4 

5* 

6 


/■■ 


T • • V 

— => J 




e 


-S— 











d. Tax have what effect -on Xhe-total costs of a 
company? 

Tax Rate and Tax Credits. • 

' A major farm machinery company has determined tl\at 
it is losing 80,93 billion Btu/year through chimney 
stacks in its production^! ant , as shown in Figure 4 , 
I-ts ■ engineering department knows that some of ^is heat 
could be* saved by the installation of recuperators. The 
potential fi>r heat recovery is showji as follows (Figure 
4):* 
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1. - No 6 Belc Anneal - 83,287 Bcu/hrfcjgfc burners. 

Recovery faccor estimated ac 30%15f whac is lose; 
83,287 BCu/hr x 24 hrs/day x 310 days/yr r 1,000,000 x 
0.30 recovery faccor x S2.35/MM Btu- ■ $436.88/yr. 

Esc Cose ■ $900 per burner x* 5 burners $4,500, 

2. No 3 3olc & Nuc Furnace - 701,734 Bcu/hr - 13 burners 
701,734 Bcu/yr x 24 hrs x 310 days/yr * 1,000,000 x 
0.30 faccor x $2.35/MM BCu - $3,680. 74/yr. 

Esc Cose ■ $900 per burner x 13 burners ■ $11,700. 

3. No 4 BolC & NuC — Same as Icem 2. 

4. — 3 Lindberg Heavy Ducy Pacemakers. 6,488,017 Bcu/hr 
18 burners. 

6,488,017 Bcu/hr x 24 hrs/day x 310 days/yr * 1,000,000 x 
0.30 faccor x 32.35/MM BCu - S34,030.95/yr. 

Esc Cose - $900 per burner, x 18 burners - $16,200.* 

5. No 14 Bearing Race Furnace - 6 burners. W 

4,351 MM Bcu/yr x 0.30 faccor x 52.35/HM Bcu 

- $3,067.46/yr. 

Esc Cose ■ $900 per burner x 6 burners ■ $5,400. 

6. No 3 3earihg Race Furnace -t 6 burners. 

.7,590 MM BCu/yr x 0.30 faccor x S2.35/MM Bcu 

- $5,350.95/yr: 

$900 per burner x 6 burners • $5,400. 

7. No 2 3earlng Race Furnace — 6 burners. 

5,515 MM Bcu/yr^x 0.30 faccor x S2.35/MM Bcu 

- $3,388. 08/yr.* 

Esc Cose ",$900 per burner x 6 burners ■ $5,400. 

8. 3 &v?usher Furnace. 

4,232 MM/3cu/jtr x 0.30 faccor x $2.35/>!M Bcu 

- $2*,983.56/yr. 

Esc Cose ■ $900 per burner x 17 burners - $15,300 % 
Nummary : 

Energy Saved - 228.167 cherms^o^-^s/yr^ 

no liars Save d - $53, 419.34 per year. _ 

* * Escimaced Cose - 4 S75, > 600. 



4** 



— . > 



.Figure 4. - Calculations Showing the Savings «by. 
Use' of Recuperators on Furnaces. 



Note: The estimated -life of the recuperators is 10 
years. 
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a. If the cost of the fuel N^sycalates at 151/year, 
what is the net pr$*eirt— xlalue of installing the 
recuperators . (Di/countj,?fg at 10%)? Net prese/it 
value is defined aT^'the present value of benefits 
minus the present value of costs." 



Year 



1 . 
2 ■< 
•3 
4 
5 
6 
7 
8 
9 
1.0 



B 



* Escalated 
Fuel Cost 

Savings 
at 15%/yr 



PVIF, 



PV _ 
Fuel cost 
Savings 



PV Cost of 
Recuperator 



k Total PV of 
FueF Cost Savings 



To tad PV of 
Recuperator Costs 



CALCULATIONS: • 

Column B: Previous Year Cost x 1.15 
"Year 1 = $53,619.34 x IMS * $^1, 662. 24 
Year 2 = $61,662.24 x l.'JLS = $70,911.58 
v etc. 

0 Column C: **From Data Table 2, 10% 'rate* 
Column D = B x C 

•Column E = $75,600 cost from Figure 4 
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The farm machinery Company is in a 46$ tax bracket 
ancfis eligible for a<$20, 000 investment tax 
credit. What is the after-tax 'credit? What is 
,the after-tax net PV of installing the recuperators? 



Total Cost Savings (after tax) = 
TCS x (1 - O.460 + $20,000 = 
Total Costs (after tax) = 
TG x (1 0.46) 



NPV (after tax) .= TCS (AT) - TC (AT) 



v 
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DATA TABLE L FUTURE VALUE OF $1 (FVIF) 



1% 



2% 



3% 



4% 



1 


1 0100 


1 0200 


1 0300 


1 0400 


2 


1 0201 


1 0404 


1 0609 


1 0816 


3 


10303 


10612 


1 0927 


1 1249 


4 


1 0406 


1 0824 


1 1255 


1 1699 


5 


1 0510 


1 l04| 


1 1593 


1 2167 


6 


1 0615 


1 1262 


1 1941 „ 


1 2653 


7 


1 0721 


1 1407 


• 1 2299 


1 3159 


8 


1 1)829 


1 1717 


1 2668 


1 3686 


9 


1 0937 


1 1961 


1 3048 


1 4233 


10 


1 1046 


1 2190 


1 3439 


1 4802 


\ 

\ | 


1 1 157 


1 2434 


1 3842 


1 5395 


12 


1 1268 


1 2*682 


1 4258 


1 6010 


13 


) 1381 


1 2936 


1 4685 


1 6651 


14 


1 1495 


1 3195 


1 5126 


1 7317 


15 * 


t 4610 


1 3459 


1 5580 


1 8009 


16 


1 1726 


1 3728 


1 6047 


1 8730 


1/ 


1 1843 


1 4002 


1 6528 


1 9479 


18 


) 1961 


1 4202 


1 7024 


2 0258 


19 


1 2001 


1 4568 


1 7535 


2 1068 


-20 


1 2202 


1 4859 


1 8061 


2 1911 


21 


1 2324 


1 5157 


1 8603 


2 2788 


22 


1 2447 


1 5*160 


1 9161 


2 3699 


23 


1 2572 


1 5709 


1 0736 


2 4647 


24 


t 2697 


16084 


2 0328 


25633 


25 


1 2824 


1 6406 


2 0938 


2 6658 


26 


1 29$3 


1 6734 


2 1566 


2 7725 




1 308 2 


1 7069 


A 2 2213 


2 8834 


28 


1 3213 


1 7410 


* 2 28/9 


" 2 9987 


29 


1 3345. 


1 7758 


2 3566 


3 1187 


.JO 


1 34/8 


1 8114 


2 4273 


3 2434 


40 


1 4889 


2 2080 


3*2620 


4 8010 


50 


1 6446 


2 6916 


4 3839 


7 1067 


GO 


1 8167 


3 2810 


5 8910 


10 519 



5% 

1 0500 
1 1025 
1 1576 
1 2155 
1 2763 

T3401 
1 4071 
1 4775 
1 5513 
1 6289 

1 7103 
1 7959 
1 8856 

1 9799 

2 0/89 



6% 


7% 


8% 


9% 


1 0600 


) 0700 


1 0600 


1 0900 


1 1 236 


1 1449 


1 1664 


1 1881 


1 1910 


1 2250 


1 2597 


1 2950 


1 2625 


1 3108 


1 3605 


14116 


1 3382 


1 4026 


1-4693 


1 5386 


1 4)85 


1 5007 


\ 5869 


167/1 


i £/v>n 

1 DUJl) 


1 6058 


1 7138 


1 8280 


1 5938 




1 Q'.ftQ 
1 O Jl/J 


1 9926 


1 6895 


1 8385 


1 9990 






1 9672 


2 1589 


2 36/4 


1 8983 


2 1049 


2 3316 


25804 


? 0122 


2 2522 


2 5182 


28127 


2 1329 


2 4098 


2 71% 


3 0658 


2 2609 


2 5/85 


2 9372 


33417 


2 3966 


2 7590 


3 1722 


3 6425 


2 5404 


2 9522 


3 4259 


3 9703 


2 6928 


3 1588 


3 7000 


4 3276 


2 8543 


3 3799 


39960 


4 7171 


3 0256 


3 6165 


4 3157 


5 1417 


3 2071 


3 869/ 


4 6610 


5 6044 


3 J996 


4 1406 


50338 


6 1008 


3 6035 


4 4304 


5 4365 


6 6586 


3 6197 


4 7405 


5 8715 


7 2579 


4 04R9 


5 0/24 


63412 


791)1 


4 2919 


5 4274 


6 8485 


8 6231 



10% 12% 14% 15% 



2 7860 

2 9253 
30715 

3 2251 
3 3864 



3 5557 4 5494 5 8074 
3 7335 4 8223 6 2139 

3 9201 ~5~U'17 

4 116) 5 4184 
4 3219 5 7435 7 6123 



6 6488 8 6271 

7 )143 93173 



10 285 14 974 
18 420 29 457 



7 0400 
11 467 

18 679 12 987 5 7 946 



10062 

21 724 
46 901 
101 25 



1 1000 
1 2)00 
1 3310 
1 4641 
1 6 J 05 

17716 

1 9487 

2 143G 
2 3579 
2 5937 

2 8531 

3 I36t 

3 4523 ' 

3 79/b 

4 17/2 

4 5W) 

5 0545 

5 5599 

6 1159 

6 7275 

7 4002 

8 1403 

8 9543 

9 8497 
19034 



1 1200 
1 2544 
1 40*19 
1 5735 
1 7623 

1 9738 

2 2107 
2 4760 

2 7731 

3 1058 



1 1400 
1 2996 
1 4815 
1 6890 

1 9254 

2 1950 
2 5023 

2 6526 

3 2519 
3 7072 



J 4785 4 2262 

38960 48179 

4 3635 5 4924 

4 8871 .6 2613 

5 4736 7 1379 

6 1304 8 1372 

6 0660 9 2765 

7 6900 10 575 

8 6128 12 055 

9 6463 13 743 



. I 1500 
1 3225 
1 5209 
1 7490 
20114 

23131 
26600 
3 0590 

3 5179 

4 0456 

4 6524 

5 3502 

6 1528 

7 0757- 

8 137,1 



16% 

1 1600 
1 3456 
1 5609 

1 8106 

2 1003 

2 4364 
2*262 

3 2704 

3 8030 

4 4114 

5 1173* 

5 9360 
60858 
7 9875 
9 2655 



9 3576 • 10 748 

10 761 12 467 
12 375 14 462 
14 231 16 776 
16 366 19 460 



10 003 

12 100 

13 552 
15 178 
17000 



15 667 
17861 
20 361 
23 212 
26 461 



18 821 
21 644 
24 891 
28 625 
32 918 



22 574 
26 186 
30 376 
35 236 
40 874 



1*% 


20% 


24% 


2t% 


32% 

. — - V- 


38% 


1 1800 


1 2000 


1.2400 


12800 


1 3200 


1 3600 


1 3924 


1 4400 


1 5376 


1 6304 


1.7424 


10496 


1 6430 


1 7200 


1 9056 


2 0972 


23000 


2 5)55 


1 9388 


2 0736 


2 3642 


2 6044 


30360 


34210 


2 2870 


2 4883 


2 9316 


3 4360 


4 0075 


4 6526 


2 6996 


2 9860 


3 6352 


43900 


5 2099 


6 3276 


3 1855 


3 5832 


4 5077 


5 6295 


6 9826 


86054 


3 7589 


4 2998 


55895 


72050 


9 21/0 


11 703 


4 4355 


5 1698 


*69310 


9 2234 


12 166 


15 916 


5 2338 


6 1917 


'86944' 


11005 


16059 


21 646 


6 1759 


7 4301 


10657 


15 111 


21 198 


29 439 


7 2876 


0 9161 


13 214 


19 342 ^ 


27 982 


40O37 


0 5994 


10699 


16 386 


24 750 ' 


36 937 


54 451 


10 147 


12 839 


20319 


31 691 ' 


48 756 


74 053 


11 9/3 


15 407 


25 195 


40564 


64 358 


10071 


14 129 


18 488 


31 242 


51 923 


04 953 


136 96 


16672 


22 186 


30 740 


-66461 


112 13 


186 27 


19 673 


26 623 


46030 


85 0/0 


148 07 


25333 


23 214 


31 948 


59567 


108 09 


195 39 


344 53 


27 393 


38 337 


73 064 


139 37 


25/ 91 


468 57 



TH67 

12 172 

13 267 



32 323 
36 142 
45 007 
53 100 
62 668 



46 005 91>9) 17840 340 44 63/ 26 
55 206^1*13 5 7 220 35 449 39 066 67 



11/86 
1602 9 

96 396 216 54 478 90 1033 5 2180 0 



66 247/ 140 63 292 30 591 19 
79 496 > 74 63 374 14 783 02 



73964 9 3992* 11 918 19040 30 166 37 856 47414 * 73948 

7 9081 10 245 13 110 21 324 34 389 43 535 55 000 07 259 

f4 42T 733303 39204^ 50065 63 600 

15 863 26 749 44 693 57 575 74 008 



102^6 
121 50 

17 44 9 29 959 50 950 66 211 85 849 14J37 



11447 26851 612 99 1364 3 2964 9 

137 3 7 332 95 704 63 1000 9 4032 2 

-164 04 — 4)2-06 - 4004 3 < 237-7-2 64030 

197 81 51 1.95 1285 5 3137 9 74580 

23 7 3 7 634 81 1646 5 4-14 2 0 1 0143 



31 409 45 259 93050 188 88 267 86 r 378 72 750 37 
74 357 117,39 289 00 700 23 1003 6 1670 7 3927 3 
176 03 304 4 8 897 59 2595 9 4303*9 7370 1 20555 



1469 7 5455 9 
91004 46890 
56347 



19426 66520 



> 
> 

> 
CD 

CO 



\ 



•FVIF > 99,099 
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GLOSSARY 



Construction costs : The costs of getting a workable project 
: info operation . 

Cost ing period : The period of time over which energy invest- 

» ment costs ate calculated. It is determined by mange- 

ment . 

Down payment : - The initial amount paid out of internal funds 
for an energy project* 

^ Engineering , design, and development costs : The costs of 
making a project workable. e 

Installments : A regular payment equal to the interest charge 
plus .some amount to reduce the principal of a loan. 

Investment: A expenditure designed to reduce costs or in- 
crease income . 

Life-cycle costing : The division of costs into three 

categories : (1) engineering, .design, and development; 

(2) construction; and £3) operating. 

Life of an investment : The length of time a system will^con- 
tipue to function^ 

• Marginal tax, rate : The percentage tax on the last dollar of 
earned income. 

Operating costs : The costs of keeping an energy system going, 

Outstanding balance : The 'principal of a lo.an minus- all pay- 
" ments made" to reduce the principal.' 

Tax bracket : The most recent tax rate for a person or 
. busines s . 

Tax credit : An expenditure which directly decreases a cor- 
poration f s tax bisU.. > 

~ Tax deductible : Described an' expenditure which decreases a 
corporation's taxable income'. 

Tax rate : The amount of taxes that must b,e paid divided by 
HEKe tjatal income subject to taxes. 
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ENERGY TECHNOLOGY 



CONSERVATION AND USE 



ENERGY ECONOMICS 




EE-05 
ENERGY ANALYSIS 



ERIC 



TECHNICAL EDUCATION RESEARCH CENTER - SO UTHWEST 

- — 4800 LAKEWOOD DRIVE. SUITE 5 

i WACO, TEXAS 767 lO • 



INTRODUCTION 



'The goals of the energy specialist are to encourage 
aximum energy-use productivity, economic*^ f iciency , and 
cost minimization. These goals are accomplished by proper . 
application of certain economic principles and techniques 
in a number of different situations. In most -instances , 
the principles and techniques of energy economics will be 
applied when some course of action related to energy produc- 
tion, conservation, and use is under consideration. A num- 
ber of factors must be considered with regard to any partic- 
ular energy project. Some of these factors are identical 
for all projects; some apply only to specific kinds of pro- 
jects; and some apply only to unique situations. 

This module presents several techniques that are used 
in the analysis of ways in which costs and cost savings 
of energy-conservation projects relate to one another. r The 
calculations involved in these techniques are explained' 
and demonstrated, and the information needed to perform 
each calculation and the 'results^f each calculation are 
emphasized, as well as when each method should be used. 
With these techniques, the specialist will be ablejio analyze^ 
accurate-ly the .economic effects of energy-conservation pro- 
jects or groups of projects. 



PREREQUISITES 

. ; ■ ~ 

— ^ - 

The student should-have a good understanding of -basic 
algebraic functions and should have completed Modules EE-Oi; 
EE- 02 , EE-03, and EE-04 of Energy Economics ^ 
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OBJECTIVES 



Upon completion of this module the student should be 
able to: 

f . Define the following* terms : 

a. Replacement project, 

b. Original project, 

c. Mutually-exclusive projects, 

d. Net cost saving's, 

e . Payback period , 

f . Capital recovery factor , 
> g. Benefits, 

h. Benefit-cost ratio. 

i. Net present value. 

j! Internal rate of return, 
2. Distinguish between original projects ^nd replacement 
projects and tell whether a group of projects is 
mutual ly - exclus ive , 

State what information is iieeded to calculate or deter- 
mine the following: 

a. Capital recovery factor. 

b. Amount of cost savings needed -per year to recover 
original cost, 

c. New tost savings, 

d. Net present value, 

e. Internal rate of return, 

f. Payback period. 

State the nature of the information provided by the 
following methods: 
a.. Payback period, 
.b Benefit-cost analysis. 

c. . Net present value. 

d. Internal rate of return. 
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Given the proper* information, calcul-ate the following: 

a. Payback period. , 

b. * Benefit-cost ratio. 

*c. Net present value. • • 
d. Internal rate of return. 

Utilize the above methods when the cost savings per 
year form an irregular 'flow - %hat is, when they are 
not the same amount every year. 

Examine a group of energy conservation projetts and, 
through economic . analysis , determine which should be 
implemented. * • > * 
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SUBJECT MATTER 



REPLACEMENT PROJECTS AND ORIGINAL PROJECTS 

Epergy projects can be placed in the following two 
categories: (1) replacement projects and (2) original pro- 
jects. A replacement project is a course of action that 
changes or modifies an energy-related system already in 
use. , An example of a replacement project .is reducing the 
ventilation in a building by changing the air vents in each 
room*. An original project invaUte-s- the production and/w^ 
installation of an energy-related system where the^ function 
to be performed 0 by the system is performed for the first 
- time when the system is implemented. Two example's of original 
projects are the installation of a HVAC system in a new 
building and the purchase of a microcomputer to eliminate 
unnecessary energy use. The energy specialist must be able 
x to examine a project and determine whether it is a replace- 
ment project or an original project. 

With an original project, there are tWo factors to 
consider: (1) exactly what needs to be done, and (2) what 
different ways of doing it are available. If a new building, 
. is to be heated, for instance, there are a number of, alterna- 
tives available. It is the function of the energy specialist 
to ensure* that thg new system is. .as economical as possible-. 
With a replacement project*, there also are. two important 
considerations: (1) can the replacement project save money, 
and (2) what alternatives are there. Once again, the energy 
'specialist must be able to decide which alternative is the 
most economical and still perform the desired function. 
The techniques presented in this module will help the energy 
specialist to evaluate alternative • ways of implementing 
replacement projects and original *p^roj ects . n ^ • 
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MUTUALLY -EXCLUSIVE PROJECTS * j 

> * 

Two or more energy conservation projects are . mutually - 
exclusive if they perform tftre same function. . For instance, 
a solar-heating system with 400 square feet of collector 
space and one. with 600 square feet of collector space are 
mutually exclusive projects since they both can heat a home 
or building. Whenever^ two or more projects are mutually- 
exclusive, only one should be implemented. Mn a case where 
more than one af^the projects are profitable, then the most 
profitable one should be chosen. In other words, the solar 
s^JStem which has cost savings that exceed its costs by the 
greatest amount should be implemented. If two or more pro- 
jects are not mutually-exclusive, then each profitable pro- 
ject should be implemented. 



- NET COST SAVINGS PER YEAR 

A concept that is sometimes useful in the analysis 
of energy projects is- the concept of net cost savings ffer 
year. TJiis technique considers each year separately and 
determines the costs and cost -savings of that year. Then 
the following formula is used: 



Net Cost savings a Cost savings _ Cost in % Equation 1 
for year n ~ in^year n yearn * M 
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This technique is acceptable- because. th§ costs and cost • 
savi&gs occur in the, same time period aifd are comparable. 
Once the net savings are found, they can be discounted back 
and compared to the original cost of the energy project. 



EXAMPLE A: NET COST SAVINGS, 



Given: 



F ind : 
Solution: 



A solar water-heating system costing $5000 will 
reduce electricity bills by $800 per year. The 
system will incur maintenance costs of $100 per 
year. ^ 
The net cost savings per year of the project. 
Use Equation 1 : k 



4 



Net cost 
savings/yr 



= Cost savmgs/yr - costs/yr 

= $800 $100 
= $700/yr. 



\ 



-It should be noted that the costs and cost savings 
do not have "to be /the same each year to use this technique. 
If the costs and cost savings of any particular year are 
known,, the net. cost savings can be computed. 



PAYBACK PERIOD 

> 

One common way to evaluate the costs and cost savings 
of an energy projecf is called the payback' period. The 
payback period is defined as "the length of time it takes 
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a business or an individual to obtain net cost savings equal 
-to the co$t of the investment. 1 / If the savings each year 
are Constant, the following formula can be used: 



Payback \ 
period 



Initial, cost 
Net savings/yr 



Equation 2 



EXAMPLE B: PAYBACK PERIOD WHEN SAVINGS 
EACH YEAR ARE EQUAL. 



Given : 



Find:, 
Solution! 



An individual instaSll! a microcomputer in his 
or her home to encourage enfergy conservation. 
The system has an original cost of $40Q0 and 
will generate net .af frer- tax savings of $500 per 
year. 

The payback period of this investment. 
Use Equation 2. 

Payback = Initial cost 
period Net savings/yr^ 

' _ $4000 
J $500/yr 

— 8 years. 



If the savings each year. are not constant, then Equation 
2 is not applicable. In this case, the savings from each 
year are added until their sum equals t±e original invest- 
ment. The year when the cost savings equal the cost is^ 
the payback period. The following example should make this 
more, clear. 
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EXAMPLE C: PAYBACK PERIOD WHEN SAVINGS 
EACH YEAR ARE NOT CONSTANT. 1 



-t 



Given: 



Find : 
Solution : 



v 



In this example, suppose tha l t net cost saving^ 
are $£0(T for the first year and will increase 
12% each year thereaf ter,^jhereas % the original 
price of the system remains at $4000,' 
The payback period of this investment. 
Consider the following table: ? 



TABLE 1, PAYBACK PERIOD WITH AN 'IRREGULAR 
FLOW OF CeST SAVINGS- 



Year 


Original savings ( 
f I 5 1 year) 


» Escalation 
FVIT MX 


Actual savings 
for year 


Cumulative savfcigs 
at end of year y 


0 


$500 


Given 


i 500. 00 


h 4$ 500.00 




500 


l.l 200 


560.00 


1060.00 


2 


500 


t .2544 


627.20 


1687.20 


' 3 


500 


1 .4049 


' 70.2)4 5 


2189.65 


4 


500 


1.5735 


786.75 


' - 3176.40 




500 


1^7623 


881.16 


4057. 



'As Table I shows, the total cost savings of the 
project become equal to i{t^ cost at the end of 
the fifth year. Thus, a rough 'estimat^of tty 
payback, period . is 5 years, <' 



Once the payback 'period has been determined,, it can 
be examined in light 4 of the expected life of the investment 
and the amount of money being spent. If the payback period , 
is a. short period.of time, the investment can _be considered 
.attractive. 
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The payback-period method of evaluating" energy conserva- 
tion .pro jects has two very important drawbacks* The first 
is that the method does net take .into account the time value 
of money. The net cost savings of the fifth year* a.re counted 
equally'with those of the First year. Doing ttfis tends 
.>to "overstate the ^actual amount of net cost savings. Second, 
the method ignores net cost savings beyond the payback period, 
An°fpvesNtment might be re j ected ^as " having a payback period 
that is'too; lengthy although, * in reality, it could havej 
generated substantial savings after the payback period -Which 
would have made it prof ita^le*. . In general, the payback- \ , 
pefiod : method- should be used only as a quick, 'first method . 
of looking at investment proposals. Ijt should never be 
\ised as the onl\&basis *of acceptttig or rejecting an energy 
conservation project, % . ' - 

*« 

C t . 'capital recovery factor 

f • 

« \The / Capital recovery factor is a: number that shows 
*what pevrc^ntage* of the original cost of an investment ^rnust 
be generated each'year in net cost swings Tor. the original m 
amount w spent to be recovered.* The- term "da'pital"* is-used 
to describe, the original* amount of money spent on the energy 
conservation project'.. This technique is similar to the 
paYbacIc pefiod method ip that its emphasis is on recovering 
the or^g^nal* cogt of the' pro ject*. ° Howbvef, it does account 
- fdr the time- value *of. mon>ey and. can be use&Hh a technique 
known'as benef-it-cost analysis^ to determine* theprof itability 
of a prop'ose4 investment, Thi$ technique assumes *thar the 
net cost pavings />f*each yeafcjwiil be identical* . fji'e follow- 
ing formula can tfe used to 1 obtain/ the atnguntfof cos^ savings 
needed per. year to recover the original amount invested. ■ 



« • • - . 
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Net cost savings 
needed/yr to 
$ recover original 
investment 



Amount of 

original 

investment 



Capital 

recovery 

factor 



Equation 3 



To obtain the appropriate capital recovery factor, 
the following information is needed: the life, of the invest- 
ment and the applicable interest rate. This information 
can be used to obtain the capital rec<?very" factor from a 
Capital Recovery Factor Table similar to the one shown in 
Table 2. 



TABLE 2. CAPITAL RECOVERY FACTOR, 



1 


Years 


Interest Rate 


(%) ■ 




10% ■- 


12% t 


15% 




5 


. .0.2638 


0.2774 


"0.2983 




8 


0.1874 


0.2013 


0.2228 


0 


10 


0.1628 , 


0.1770 


0.1992 




15 


6.1315* 


0.1468 


0.1710 




20 


• 0.1175 " 


0.1339 


0.1598 




25 


0.110,2. 


0.1275 


0.1547 


1 


30 


0.1061 


0.1241 


0.1523 



• - The process of finding the jiet 'Cost savings needed 
per year *is demonstrated' -in- Example D. * 

'r '• 
• . * • ** 

. - i 
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Given : 



*Find: 



Solution 



EXAMPLE D: USE OF THE CAPITAL RECOVERY FACTOR, 

( An energy conservation project vrilrh-Tanr-expect-eci — 
life of 20 years has art original cost of $3300 . 
The* 'interest rate is 101, 

The net savings needed per year to recover the 
original $330.0. , > 

Table 2 shows that, the capital recovery factor - 
associated with 20 years and'lOl is 0,1175, 
The^fk5re, Equation '3 can be used as follows:, *, 

^VS/* s ! vingS Amount of Capital 
needed/yr to. = original ■ x recovery 
recover qxjginal i nV es tme nt factor ' 
mvestmenr* 

= $3300 x 0.1175 
( . = $387. 75. v 

< * 

So, if the project generated net cost savings of 
$387.75/yr for 20 years, then the present value 
of th<? savings would eqapl $3300 , if discounted 
at a rate of 101 , * # 



BENEFIT -COST ANALYSIS 



The net cost savings of an energy project are often 
called the benefits of the project, ff the actual net cost 
savings per^year are identical atfd known, they can be used 
" # \t«o compute^the benefit-cost ratio . The\ formula for this 



'ratio is as- v *f ollows : 
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Benef it-cost 
ratio 



Actual? net cbst savings/yr 
Net cost savings/yr needed to 
recover original .investment 



Equation 4 



r 

The * lower part of the formula show in Squat ion 4 is obtained 

by using, Equation 3. If the* .benef it-cost, ratio is larger 

than one-, then /the net cost savings ofga project (or its 

benefit^) exceed its Cost and the investment is -profitable . 

On the other hand, if the number obtained by Equation 4 

is Less than one, then the net cost savings' neede4 "per year 

* » „ 

arS greater than those actually .obtained and the investment - 

is not profitable. 



EXAMPLE E: BENEFIT -COST ^RATIO. 



Given:' 



The assumption* tha*t the project in Example D T 
' results in net cost savirtgs pf $ 5'0-D- per- year . 

The benefit-cost ratio*a:nd determine whether 
• the project is prof *itdbl-e # or not A 
Solution: Example D shows the net cost s'^Vijigs needed to 



Find 



recover the origina.l investmentL#re« $-58/,81> . 
Therefore, Equation 4 can be used as follows; 

Benefit-cost m Actujal fiet^cost saving.s/yr 

savings need£d/yr to 



ratio 



Net cV_ 

' recover o^i^inki^ investment 

. $387.. 75^ ' 
--1.289S.. 



Since .the % benef it^cost ratio is greater than 
one,, trie investment is /rofitable/ ^ 



• * It skould be noted that if the benefit^cost ratio is.- 
exactly equal to one, then tfie energy 'project will neither 
save money nor cost money; it will save exactly as much < 
as it costs. The bene£it-cbst ratio is an excellent way 
to illustrate how the cost savings of an energy conservation 
project** relates t to its cost, 

NET. PRESENT VALUE METHOD 



In Module EE-02,- the concept of present value was pre : 
sented. If a fixed amount of money or. a series of equal, 
yearly cost savings (an -annuity) is associated with a, certain 
•time Tperiojd, then an--amount associated with the present — 
wkich is equal to^the future amount - can be calculated, * 

The latter figure is the present rvalue of- the fixed amount, 

V 

,or the annuity. This process is called discQunting, Because 

an .amount of " mbney in the present is worth more than the 

same a-mouht" at any point in the future -(due to^ the time 

value of 'money) all dollar amounts associated with an energy 

project shoul-d be 'Converted to the same time period. By; 

using thV techniques presented in' Module^EE-02 and EE-03, 

present-value calculations can\e -used a^part 'of an analysis 

that. -can jielp determine whether an energy project • should 

be undertaken,' 

* • 

DEFINITION OF NET PRESENT. VALUE' 

All energy projects .involve costs arid/or cost savings* 

In. Module EE-02, the *f allowing principle was presented: 
# * * 

If the present value of the "cost savings y of .a project exceeds, 

. <J 
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its cost, the project is profitable. In many cases, the \ 
costs o£ a project do not occur only when the project is 
undertaken. In these instances, the present value of the 
costs can be calculated and compared' to the present value 
of*the cos* savings - as was done in Module EE-04 with life 
cycle costing, ^If the present value of t^e savings exceeds 
the present value of 'the costs, the project* is profitable. 

Another way -to view this "process is as follows: If 
the present value ^of the 'cost savings is^ greater than the 
present value of the'costs,' then, when the present value 
of the costs is subtracted from the present value of the 



savings, the result should be a positive number 
ence is defined as M net present 'value ,'" f 



Tjjis dif 



er 



NPV = PV (cost savings) - PV (costs) 1 Equation 5 

■f 

where:' . / 

NPV = Net^present value, 
PV (Costs) r -Pfesent value of amount in parenthesis. 

Equation 5 leads to the following rule: - ^ ., 

* A « 

NPV Rule.I: For a given energy project, if 

th'e net, present 1 value* of- that / 
*• ' . ^ project is greater than z,ero, 

% the project is profitable. 



V 
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CALCULATION OF NET PRESENT VALUE 

v ' The calculation of net present value is a simple ex- 
tension of present-value calculation techniques presented 
in Modules EE-02 and EE-03. The first step is to identify 
the costs and cost savings in each subsequent year. As 
noted before, this process involves the consideration of 
several factors. Once these 'costs and cost savings have 
been determined and associated with some time period, each 
amount should be discounted back to the present in the manner 
outlined in Module EE.-02 (that is, their present values * 
should be' obtained). If 'some of these figures form annuities, 
then annuity techniques should be used. The present values 
associated with the costs of each year shpx^d be summed 
to obtaih~the present value of the total 'cost of the. project. 
Similarly, the present values asso'ciated with the cost savings 
of each year should be summed to get the present value of 
the total cosit savings of the project. Then these values 
> can be use^in Equation 5 to determine the net present value. 
Example -if illustrates this process: / , 

• • v ■ . , 



EXAMPLE Ff NET' PRESENT VALUE . 



'A 

Given: ' In a cement plant, three grinding equipment gear 
trains" are Sprayed manually with gear* compound 9 
every 2 hours, using 4350 .gal lubr icant/yr . An - 
• automatic oil-mist system uses only 150 gal/yr, 
while still lubricating adequately. The .gear • 
^ lubricant costfs' $0. 272£/lb . The expected 1 if/ 

' . of the system is 5* years* * The system would cost/ 
$7500 to purchase and install'. Maintenance/ costs 
- • would be* $450/yr. The interest rate is 9%. 
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E-xappie F. Continued. 



Find: 



The net present value. of installing the oil- 

- r ' \ ' 

-mist system. 
Solution: Gallons saved yr = 4350 gal - 150 gal 

= .4200 'gal . , 
Now., "since there are 8 lb lubricant/gal,, 

. •' Cost savings yr = 4200 gal x 8 lb/gal' x $0.2725/;b 
. J . = $9156/yr. 



Thus, the, cost | savings associated with this pro- 
ject form an annuity of $9156/yr for 5, years. 
The present value of this annuity is given as 
/ follows: , X 

PV(cost savings). = $9T56 x PVIF a (5 years, "9%) 
• ' = $9156 x 3 .889 ' 

' - $35,607.68. 



The present' v>alue of the costs of the project - 

is computed as follows: . v 

• » > 

' PV (maintenance = $450 x PVIF a (5 year-s, 9%) 

costs) = $450 x 3>889 

= $1750.05 • . 9 

Now, the -pfesent**»lue of the purchase and in- ^ 
stal-lation cost "is just $7500 since it is done 
. in the present 

FT (all costs) 37500 + $1750.05 - ' • 

s f • = $92*50.0 5 



Now, using Equation 5, the following- NPV is ob 
tained: 

NPV = PV (coA savings) - Py (all costs) 
= $35,607.68 - $9250.05 
If $26 ,357^.63 
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Example F. Cont inuechr 



Since the net present value Is greater than zero 
(in fact, by a very substantial alnount) , the , 
project should be- implemented,* 



. Example F also dan be calculated by using the concept 
of, net cost savings , as shown previously in Equation 1: 

Net cost savings/yr = Cost savings/yr - Cost/yr 



Present value of 
net cost savings 



•Net 



*esent value 



= $9156 - $450 
= $8706/yr. 

= Net savings/yr x PV-IF 0 (5 years, 91) 
= $8706 x 3.889 * 
= $33,8S7°,63 

Present value of 
net cost ^©y5lngs 

f $33,8^.63/- $7 500 

=' $26,357 



vOriginal cost 



USEFULNESS *0F THE NET " PRESENT/tfALUE (NPV) METHOD 

At this point th€j\ student may not feel that the concept 
of net present value is Any more useful than the cc/ncepts 
presented in Module EE/02. Indeed, when analyzing one par- 
ticular project, the/NPV method. of fers no sped&al advantage* 
However, the NPV method doe-s* become most useful when a p#r- 
ticular function/can be performed in more than one way (that 



*This example is taken in par/t from NBS'- Handbook 115, 
Supplement. X $ pa^e 3-59. 
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is, by more than one system). In this instance, the project 
with the highest NPV should be chosen. As discussed previously, 
when two or" more alternative projects perform the "same func- 
tion, the projects are mutually—exclusive. And, if the 
NPV. of each project in a group of mutually-exclusive pro- „' 
jects can be calculated}, the one with the highest NPV. is , 
the one that should be implemented. In this case, the pro- 
ject with the higher NPV has either greater cost savings 
or smaller costs — or both. - ■ 

Suppose that in Example F four different oil -mist sys- 
tems were available at differing costs. Each system -could 
reduce costs by a different amount, and each had-ti NPV greater 
than zero (total cost 'savings exceed total cost's in present- 
value terms) . - .'•>■• 




TABLE 3. CHOICES AMONG ALTERNATIVE 

. OIL-MIST SYSTEMS. * • 



mm \ f 1 

• 

System 


Purchase 
Price 


Maintenance ■ 
Cost 


• Cost 
Savings 


0 ' . v • 
NPV 

> »■ 


1 ~ 


$3000 * 


^ $550 


• $4000 


$10,417.05 


2-'. 


$5ff0tT 


$500 


$6000 


$16,389.50 


3 


$7500 


$450 


'$9165 


$26 ,357.63 


4 


$9M0— - 


$200 


$9300 


$26,389.90 • 




• 


**». 







In this Example, System 4 would be implemented' since it " 
has the highest NPV; Once the alternative ways of achieving,', 
a goal have been determined, the NPV method can be used 
to choose' from among t"he alternatives. 1 

\ 

• * ; _ _ 
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At this point/ a few words should be mentioned con- 
cerning the cases where there is a group of energy projects 
that are not mutuallyTexclusive , Since each project will 
perform a different fiction, each can be considered indi- 
vidually. Thus, each -project with an NPV greater than zero 
* * • • 

should be implemented, Thi^- principle , together with the 
previously stated one, As expressed as follows: 

NPV Rule 2: "Fi^m a \group of mutually-exclu^ 
sfve projects, only the one with 
:h6 highest NPV should be imple- 
mented (if that NPV is greater 

than zero) . From a group of ' . 
projects that are* not mutually- . * 
. 1 exclusive, each project with an 
v NPV greater than zero should 
be implemented. 

. A g'roup of possible projects that is not mutually-exclusive 
is likely to be the, Result of an intense energy audit, 

-Pt should be noted that the net present value of an 
energy project with an irregular /flow of net \cost savings 
' can be calculated by simply taking 'the presenjt value of 

the net co'st savings each year, sunning theifry and then sub- 
tracting the original cost of the project. 



k SHORTCOMINGS OF THE NPV METHOD 



Generally, the NPV method i k 's an effective, way dt^reach 
ihg decisions or obtaining ^information about prospective ^ 
energy projects. The NPV method does, have One flaw, hpweve 
Whenever the present value is c&lctjfrated (and;* therefore, 
Whenever NPV is calculated}, an interest " rate mu-st be used. 
Unfortunately, mo/re 'than one interest rate^exists in the 
economy at any given time.' In addition, the applicable* - 

Rage 20/EE-05- * X§g • ' . -.C*.V 



interest rate can be different for different organizations^ 
and tan change from time to time for the same organization. 
Oftentimes, the determination of the actual rate to use. 
in the discounting process is -a IGng and complex task beyond 
the concern of the energy specialist* In actual practice, 
the interest rate to use in calculations of the nature de- 
sciytbed in this module often can be obtained from management 
personnel'. Even so, in many ca^es it is useful to have 
some' measure of the nature of an energy project that does 
not depend on interest rate. In the next section of this 
module, a measure ~ 6%Ztt£TlCtfi3rwn~^ be developed"" ; 



INTERNAL RATE, OF RETURN (IRR) METHOD N 

' When the' internal rate-of -return (IRR) method' is/used 
to evaluate an energy 4 'project , the applicable interest rate 
does hot need to be known, ■ The known data regarding costs 
and cost savings are used to calculate a percentage figure 

6 

Crate") that indicates some information about the monetary 

i „ 
effect of implementing a certain energy project. 



DEFINITION OF. INTERNAL RATE OF RETURN 



All energy 'projects have .associated costs and cost 
savings. (For, a project with no cost - such as turning 
down the thermostat at night in an office building during 
the- heat season -^it^£s. said that cost = $0.) The IRR 
method' 'determines ~the interest rate - wh%:h, if. used, to 
discount the net cost savings per^year back to the -present , 
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would yield a present value of total net cost savings exactly 
equal to . the initial cost of.the project. (Whereas the word 
"exactly" is*used in the definition, in ^ctual practice it ^ 
is usually "acceptable" and often "necessary" to approximate.) 
In other words, the ARR of a point. is the particular interest 
rate which, if used to discount the net cost savings, would 
result in a net present value' equal to zero. This rate of 
return reflects the extent of the net cost savings of the 
project as compared to its initial cost. Just as a bank 
account brings a specified return on the initial amotint de- 
posited, so will an energy pro j ect -generate some return 
its , initial cos.t. 'The higher the internal rate of return 
a project, thafgreat'er are the associated cost savings rela 
tive to the prpj ect 1 s "initial cost. Because of this fact-, 

■ the following observation can be made: ^ ' m 

* « -t 

, IRR.Rute 1: If an "interest rate used to dis- 
count a series of net cost sav- 
ings is Tess than the internal 
rate of return of a project, 
then the net present value of 
that project will be greater 
than zero. If the interest 
, ^ rate used is greater thai) the ^ s 

IRJfc then the NPV of the project 
will be less than zero.- If the 
interest rate used is equal 'to 
the IRR, then (by definition) * 
the NPV is equal to zero. 

IRR Rule 1 is easy*to understand if the observation 
> about discounting made in Module EE-02* is understood. The 
observation was that the higher the interest rate used to ' 
discount a fixed amount or annuity, the smaller is. its. present 
value. '.In this case,- the, search is being made 'for the one 
particular interest .rate that will, when used to discount the 
cpst savings, result in a present -value figure equal to -the 
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initial cost of the project (which implies NPV - 0). .Once 
thajt interest rate is found, increasing the discount rate 
makes the present value of cost savings ' smaller and, thus, *\ 
decreases NPV. Since NPV = 0 when a discount rate equal to 
the IRR is used, a* higher discount rate results in a net 
present-value figure < less ' than zero. On the ^other hand, a 
/smaller interest rate will lead to a higher present value of. 
cpst savings - w£th the result being a higher net present 
value. Since NPV - 0 when a discount rate equal to the IRR 
is used, a lower discount rate results in a net present-value 
figure greater than zero. $hese obs9rvations* are outlined in 
Table 4. 



TABLE 4. EFFECT OF DISCO 



c 



RATE ON. NPV> 



Given: An. energy project with a specif ied iinternal. rate 
1 o*£ return (IRR) . • ' 


■ • Interest Rate (r) ysed> 
to Discount Cost 
Savings 


tMagnitude 
^ of 
NPV 


r<- IRR 
? - IRR 

e r > IRR * , . 


^ > 0 
* NPV *= 0 (by definition) 
NPV^ 0 
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.The facts presented in 'Table 4 have, an important -impli- , 
cation. - If the applicable rate of interest (which would be 
used to discount po^st savings) 4.S 'less than the internal rate - 
of return of an energy project, then the NPY>of the project 
. is greater than zero. Therefore-, the project.. should be im- 
plemented. Even though the'relevant interest r^te is diffi- 
cult to ,,!5 det ermine , ^management will o-ften have, some idea of 
*. the relevant range of interest rates. For" example , suppose 
the relev.ant*interest rate" is known , to be somewhere between 
8$ 'and -14%. 'In this instance, a 'project with a 15% or greater , 
internal rate of return should be implemented, regardless of 
.the relevant interest rate. As long as it is chosen in the - 
•given range, the NPV of the project will be greater than zero. - 
'if the IRR of the project falls between %% and 14%, then man- 
agement will have to consider other factors, in deciding 
; whether to^mplement the project- If the IRR .is less than 
. 8%, the project Will never 'be undertaken. 
• ' -Most' energy project implementation decisions will be' 

made, by management and not by energy specialists. Because 
' of this fact, if is'often very useful for^ the specialist to 

be^able to determine the IRR $f a certain project and then 
• Jet management decide what interest rate to' use. The primai«y 
/ -concerns/ of the energy special ist ' are the costs and co-st sav- ' 
irig-s of a -proposed energy conservation project. 



CALCULATION OF THE INTERNAL RATE OF RETURN (IRR\ 

TheHnternal rate of return can be calculated easily . 
with the use of the Present Value of an Annuity of $1 Tatile 
(DaVta Table 4). The present value of the net cost savings 
o?f an'energy project 'is calculated by .using this table when 



9 

ERIC 



">age 24/EE-04" iQy 



the savings are the same for each year; otherwise the savings 
'would not 'form an annuity.. The IRR is the interest rate 
which, if used to discount tfie anniiity formed by the net cost 
savings; would result in a' pre.sent-Value figure approximately 
equal to the initial cost of the project. The following 
should be remembered: * 



Present value of = Net cost pviF 
net cost savings savings/yr a . 



Equation' 6 



Since "the IRR results in PV of co.st savings, equal to* initial 
cost, Equation 6 can be rewritten .as follows: 



Initial cost = Net cost x Needed . 
- of project savings/yr PViF a 

Equation 7 



This entry in Data Table 4 will correspond to the internal 
rate of return.^ Notice that Equation 7 can be modified to 
read as follows: 



Needed = Initial cost A Net cost. 
PVIF a ~ of project T savings/yr 

Equation 8 
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Using Equation 8, determine the PVIF a that is needed to re- 
•sul\t in PV'of cost savings' equal to initial cost. The*n lo- 
cate \tlie .number in Data Table 4 (in the appropriate time pe- 
riod row) Closest to' the number found , in Equation 8. The 
interest rate "assciciated with this number is the approximate 
internal rate of return. The following-example should make 
this concept' more clear. 



EXAiMPLE G: CALCULATE THE INTERNAL RATE OF RETURN (IRR) . 



Given: The manager of a warehouse is considering the 

installation of an air lock at the loading door. 
The size o£ the door-, which is used for -railroad 
cars, is ?0 ft x 17.5'ft. The^ door is open^for 
10 minutes - 12 tim'es per day — 5. days per week. 
The inside building^ temperature is 70°F. The-, 
heating, season is October - April (30 ^eeks) 
The average outside temperature during the heat- 
ing season is 38.4°F. The air flow velocity 
through the open door a 'ip 500 fpm. Steam; which 
supplies- 960 Btu/lb, isf.used for heating. The 
cost of steam is $1.86^1000 lbs. Conversion 
.factor: ' 0.O183 -Btu = /l ft 3 - °F. The cost of 
the air lock is $20,000 installed. Assume the 
life of the a:i$ lock/is 30 years. 

Firidv. . The" internal fate 'off return (IRR) of* the purchase 
and installation coft of the air lock. 
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Exlmfcle G. % Continued, 



V 



Solution: ' Air entering 
door 



Temperature 
difference 
between inside ' 
and outside air 

Hea£ loss 



= 500 fpm x. 20 ft x 17.5 ft 

= 175,000 ,ft 3 /min. ; 
♦ 

= 70°F - 38.4°F - 31 .6°.F. - 

= 175,000 ft 3 x 1 min x 0.018-3' 

Btu/£t 3 - - °F x 31.6°F' 
= 101,199 Btu/min. 

= 101,1-99 Btu/min x 1 lb steam/ 

960' Btu x $1.86/1000 lb steam 
=; $0 .196/min. ' - ' 

= $0. 196/min x 12 openings/day x 
• 10 min/opening x 5 days/week 
x 30 weeks/yr 
• , • t ■ = $3 528/yr. , . • 

* *- 

4 

Thus, the cost savings of ,this* proj ect for a 30- . 
year annuity is $3528 per year. Now the process e 
described in the text will be us t ed to.findTthe 
internal rate of returnee The. initial cost of 

>roject is $20, 000, and the- fiet cost savings 
'ear are $3528. Therefore, using Equation 8^ 
fe following is calculated^: 



Heating cost/ 
min of dobr 
opening 



Annual cost 
savings . 




:RJC 
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Example G. Continued , 



Proper PVIF a 

= $20 ,000 t $3528 
(30 years, ?%) ' 

= 5,6689, 



The Data Table 4, observe that the entries in 

the 30-year row are 25,808, 22,397, 19,600, 

and so on. The entry under the 161 column is 

6,1772, and the entry under the 181 column is 

5,5168, Since the entry needed to make the 

present value of the cost savings equal to -the 

initial investment is $.6689- which is approx- 

imately one-fourth the difference between 5.5168 

and 6,17 72 - it can be concluded that t*he, inter- 

> 

nal rate of return is approximately 17,51. 
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In the case of Example G, if the relevant interest rate ^ 
is' less^than approximately 17,5%, the project should be im- 
plemented. As stressed before, however, the' main concern of 
the energy specialist shoUld be in the determination of costs 
and cost savings' and their uses to calculate NPV and IRR, 
This type of data supplied by the eri'ergy specialist will ^ * 
enable management to make % more effective decisions, and an ^ 
awareness of the information provided by this kind of anal- 
ysis Is essential to efficient energy us<e and cost minimiza- 
tion. . * * . 
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IRR *MD AN IRREGULAR FLOW OF COST SAVINGS \ 

Whenever the cost savings of an energy project are not 
the same each year, then the preceding techniques cannot be 
used to determine IRR. In this special case, a trial-and- 
error method must be used. The present value of the net cost 
savings of each year should be discounted back to the present 
and^ summed, using various interest rates. That interest rate, 
which leads to a total present value of 'net cost savings that 
is very close to the original cost of the project, is the * 
approximate internal rate of return. A good interest rate to 
start with is 10% . If the total present value (of net cost 
savings is greater than the original cost of the project, 
then a higher discount rate should be tried.. Conversely, if 
the, total prfesent value of net cost savings is lower than the 
original, cost , then a higher interest rate should be tried. 
This process can^e time-consuming; however, it should take 
no more tljan three or foui; attempts to find the correct in- 
terest rate. 



USE OF IRR AND EVALUATION OF MUTUALLY- EXCLUSIVE PROJECTS 



AS mentioned previously, when two or' more projects that 
perform the same function can be implemented, t^e one with 
the higher NPV should b.e chosen. fc 'Another way to determine 
which project 'to implement is ta calculate :the IRR of each 
project. After this is done, the pttoj-ect with the highest 
IRR should- be chosen - provided the IRR is high enough to 
justify the expenditure. This determination is expressed as 
follows: - 
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IRR Rule: Given- a group o£ mutually- exclu- 
sive projects, the one with the 
highest IRR should be implemented — 
provided that the IRR is high 
enough to justify the cost « of 
the project. <. 

V - 

COMPARISON OF. METHODS FOR EVALUATING ENERGY PROJECTS 



V 



'Each/of the four methods-for evaluating energy projects - 
capital recovery ' factor and benefit-cost analysis, net present 
value, internal rate of-return, and payback period — provides 
uniquev^inf ormation about the project under consideration. A, 
comparison of the techniques is presented in'fkble 5. 
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TABLE 5, 


J! 

* 

COMPARISON OF PROJECT EVALUATION METHODS / " 




Method 


Needed .Information 


. Result ' 




Capital recov- 
ery factor and 
benefit-cost 


Original cost; life* of 
investment; relevant 
interest rate. 


Needed cost savings per 
year to recover original 
investment; ratio that 
shows how cost savings 
relate to costs: • 




Net preserit 
value 


* • 

Original cost; life of, 

investment ; relevant 

'interest "rate; net 

cost savings per year, 

« 


How much total present- 
f value of net cost savings 

exceeds (or is less than) 
>priginal cost. 


*< 


Internal rate 
of return 


Original cost; life o'f k 
•net cost savings per 
year, 


"interest rate which shows 
how net cost savings -re- 
late to original cost. 




Payback' period 


Origin^ cost; net 
cost sa^ngs per^ 
. year. 


Rough estimate of time 
needed to recover original 
„cost. 
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The particular technique used y £or a, given energy con- 
servation project will depend on what information is avail- 
able and what erid result is required. Often, onore than pne 
technique will be used to provide maximum information. With 
the techniques presented in the five modules of this course, 
the specialist will be able to properly evaluate the economic 
^ffects of any energy c&nservation project. 
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EXERCISES 



An energy specialist is examining the possible' cost 
savings associated with the 'installation of on-line 4 
microcomputer controls to regulate the combustion pro- 
cesses in two ^steel treatment furnaces operating in 
parallel* The relevant parameters' are as follows: 

• Each furnace has a throughput of 160 tons/day, 

• Compute* control^will result in fuel sayings 
of 7$. 

- • • The furnaces -require 1000 -Btu of fuel per pound 
* * of steel treated. 

. • The furnaces are powered by fuel oil that has 

an 'energy content of 138 ,500 Btu/gal when burned, 

• Computers of- the type that would be installed 

* frave an average life of 8 years. 

4 

• The cost of purchasing and installing the com- 
Tputer system would be $148 , 400. 

Assume^the price of fuel oil is $20/barrel. 

• The furnace's operate 350 days/yr., 

• The annual operating costs would be $17,146. 

a- Find .the internal rate*of return. (Consider one 
-furnape . )" - - . 

* \ Furnace" throughput = 160 tons/day x 2000 lb/ton 
-« o£ steeJVyr ^ x 350 ' days/yr ( ■ 

= 112,000 ,000 lb/yx v 

Energy use of = 112 ' 000,000 lb/yr * 1000 
£urnace Btu/lb - 



Btu/yr 



\ 



/ 



Energy savings/yr - Btu/yr x 

0.07 savings use ' 
= ' Btu/yr savings. 

x " \/ . ; . 
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Fuel oil s*aved/yr = 



Barrels saved/yr - 



Cost savings/ 
yi\/ furnace 



CosJ^ savings/yr 
for two furnaces 



Net . cost 
savings/yr 



Bru/yr 



13$y0p.(t Btu/gal fuel oil 

' gals/yr. 

\ / gals/ya: ^ 42, 



. gaVbarrel 



x $20/bafrTei 



barrelsVyr . 
: barrel.s/y^ 

$/yr.V- 
$/yr/furnace 



x 2 furnaces 

• [j $/yr, 



"$/yr - $17.,146, 



operating cost/yr " 

• ■ $/yr. 



/ 



Thus, the cos-t. savings .of installing the micro- 
computer form an annuity of $ _ per year 
for 8 years. The 'internal rate of. return is the 
interest rate, which, if use.d'to discount this, ^ 
annuity, would result in a present valiie of co$t 
savings approximately equal to $148*400.' First, 
find tire entry from 'Data Table 4 (the f- year-column} ; 
which would lead to the following equation: - 



$4^,400 = $ 



Mpt rn _ t Needed entry . . 
Net cost £rom Data Table 4 

savings/yr (g } 
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So, • . *. 

Needed entry '• •', Net cost 

from Data Table 4.= $48';400 .* ""$ . savings/yr 

(8 years) • v 

The interest rate associated "w K ith this energy is 
|; therefore, this is- the IRR. - 



Find the net present value when the interest rate 

is , . • • . ■ • • j 

• * ' r * Proper entry from 

Present value of u $ Dkt £ Table _J . ^ 

net cost savings . — . ( g g%) ^ . 

" < = $ x 5.747 

i ~ 

' . _ = , 

. Net present ,= PV of net Ijlit i a l cost 

value . , cost savings • , . r 

= -$ — $148, -400 

= $ 

• t * . 

Find the. payback periocT*when the interest rare is* 
81. . Find the entry in Data Table 4 (in the 8%. 
column) wttich. makes the PV of net cost savings 
equal ta $148f400. . ' • . * ' % \ 

* • . AA ' 'Proper entry "fronu 

•$48,400 = $ Net Cost tf J Table J ■ 

, , . savmgs/yr (8%> ? years) 

»• • * « • • • 

•So,- * . 

Proper entry- from _ , nn * ; ; Net cost 
Data Table. 4 -(8%) r * 4 *> 4UU ! » — — savirigs/yr' 

The- time ^period^Cn) which has k a . corresponding entry 

closest to this .nu\n'b"er is ; , . This is the 

payback^period in years, * 
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d. Find the capital recovery factor. 

N Net cost savirfgs/yr * Amount of ^ Capital 
needed to recoup * = original^ x recovery 
original investment investment factor 

= $48,400 x 0.1490 

. Net cost savings/. = $ . 

*yr needed 

Do, the actual net cost savings per year exceed 
those needed as calculated "by ,t*he capital recovery 
factor? What conclusions- can -be drawn frjwn the 
capital -recovery factor anshfysis? 

An energy conservation' projett with an initial cost of 
$1000 will .result in cost sayings of '$400 per year^for 
4 years!' Fin<T the fallowing: • % 

a. Find the internal, rate of return: * 



Needed entry from 
Data Tabl^e 4* 
(given 4 years) 



The entry -rate in the 4 -year row which comes 1 

closest to this en*try is ' . The interst 

» - » 
r&te associated with this entry is __. 

This is is the IRR. ; ' ' '. 

If the interest rate* is 101, ''find the net"present 
value." - J ■ 

Present val^ue of \ Net cost Data^Tablet 4 
net cost savings savings/yr ^ years f # 10%) 

: = $ x ' 

= $ ' . 1 ' - 
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NPV = PV of cost savings - PV of costs 

= '$ _ - $ 

= * . \ 

If the interest rate ds iDTTfind the payback 
period. 1 Recall Equation 7: 



Needed entry from 
Data Table 4 
(given 10%) 



Initial A Net cost - 
cost * t savings/yr 



The entry in the 10% column which comes closest 



to this number is /_ 

time period is 

payback period. 



_, and its associated 
This is the approximate 



X 



/ 
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DATA TABLE 1. 'FUTURE VALUE OF $1 (FVIF) . - 



1 % _ 


2% 

- -* * — - 


3 % 


4% 


6% 


5% 


7% 


8% 


9% 


to% 


12%' 


14% 


15% 


16% 


18% 


20% 


24% 




32% 


3*% 


1 OIOO 


1 0200 


1 0300 


'1 0400 


1 0500 


1 0600 


1 0/00 


1 0800 


10900 


1 1000 


1 1200 


1 1400 


1 1500 


1 1600 


1 1800 


1 2000 


1 2400 


1 2800 


1 3200 


1 3600 


1 0201 


1 0404 


.1 0609 


1 0816 


1 1025 


1 1236 


1 1449 


1,1664 


I 1,881 


1 2100 


1 2514 


1 2996 


1 3225 


1 3456 


1 3924 


1 4400 


,1 53/6 


1 6384 


1 7424 


1 8496 


1 0303 


1 0612 


1 0927 


1 1249 


1 1576 


1 1910 


1,2250 


1 2597 


1,2950 


1 3310 


1 4049 


.1 4815 


1 5209 


1 5609 


1 6430 


1 Z280 


1 9066 


2 09/2 


23000 


2 5155 


1 (MOO 


1 0824 


1 1255 


1 1699 


1 2155 


1 2625 


1 3108 


1 3605 


1 4116 


) 4641 


1 5/35 


1 6890 


1 7490 


1 8106 


1 9388 


2 0Z36 


2 3642 


2 6844 


3 0360 


3 4210 


1 0610 


1*1041 


1 1593 


1 2167 

4 


1 2/63 


1 3382 


1 4026 


1 4693 


1 5386 


1 6105* 


1 7623 


1 9254 


2 01 14 


2 100 J 


2 28/8 


2 4883 


2 9316 


3 4360 


4 00/5 


4 6526 


1 0615 , 


1 1262 


1 194^ 


1 2653 


1 3401 


1 4185 


1 500) 


1 5869 


1 6//1 ' 


1 7716 


1 9738 


2 1950 


2 33^1 


£4364 


26996 


2 9860 


3 6352 


4.3980 


52899 


6 3275 


1 0721 


1 1487 


• 1*2299 


1 3159 


1 4071 


1 5036 


1 6058 


1 7138 


1 8280 


1 948/ 


i 210/ 


2 5023 


26600 


2 8262 


3 1855 " 


.3 5832 


4 50/7 


5 6295 


6 9826 


86054 


1 0829 


1 1717 


1 2668 


1 3686, 


1 4775 


1 5938- 


1 7182 


1 8509 


1 9926 


2 1436 


2 4/60 


2 8526 


3 0590 


3 2784 


3 7589 


4 2998 


5 5895 


7 2058 


9 2170 


11 703 


1 0937 


1 1951 


1 3046 


1 4233 


1 5513 


1 6895 


1 8385 


1 9990 


2 1/19 


2 3579 


7 77531 


3 2519 


J 5179 


3 8030 


4 4355 


5 1598 


6 9310 


9 2234 


'12 166 


15 916 


1 1046 


1 2190 


1 3439 
% 


.1 4802 


1 §289 


1 7908 


1 9672 


2 1589 


2 36/4 


2 593/ 


3lft8 


3 7072 


4 0456 


4 4114 


5 2338 


6 1917 


8 5944 


1 1 805 


16 059 


21 646 


1 1157 


1 2434 


1 3842 


1 5395 


1 7103 


1 8983 


2 1049 


2 3316 


2 5804 


2 8531 


3 4785 


4 2262 


4 6524 


5 11/3 


6 1/59 


7 4301 


10 657 


15 Ml 


21 198 


29 439 


1 1268 


1 2682 


1 4258 


1 6010 


1 7959 


20122 


2 2522* 


2 5182 


2812/ 


3 1384 


38960 


4 8179 


5 3502 


5 9360 


"7 28/6 


89161 


13214 


19342 


27 982 


40 037 


1 jslOl 


1 2936 


1 4685 


1 6651 


1 8856 


2 1329 


2 4098 


2 7196 


30658 


3 4523 


4 3635 


5 4924 


6 1528 


6 £858 


8 5994 


10 699 


16 386 


24 /58 


36 93/ 


54 451 


1 1495 


I 3195 


1 5126 


1 7317 


1 9799* 


2 2609 


2 5/85 


2 9372 


3 341/ 


3 79/5 


4 8871 


6 2613 


/ 075/ 


7 98/5 


10 147 


12 839 


20 319 


31 691 


48 756 


74 053 


1 1610 


1 3459 


1 5580 


1 8009 


2 0789 


23966 


2 7590 


3 1722 


3 6425 


4 1/72 


5 4736 


7 13/9 


8 13/1 


9 2655 


1 1 973 1 


15 407 


25 195 


40 964 

/ 


64 358 


100 7 1 


1 W26* 


1 3728 


1 6047 


1 8730 


2 1829 


2 5404 


2 9522 


3 4259 


3 9703 


4 5950 


ft 1304 


8 1372 


9 35/6 


10 748 


14 129 


18 488 


31 242 


51 923 


84 953 


136 96 


1 1843 


1 4002 


1 6528 


1 9479 


2 2920 


2 6928 


3 1588 3 7000 


4 32/6 


5 0545 


6 8660 


9 2765 


10 Z61 


12 467 


166/2 


22 186 


38 740 


66 461 


112 13 


186 27 


1 1961 


1 4282 


1 7024 


2 0258 


2 4066 


2 8543 


3 3799 


399GQ 


4/171, 


5 5599 


76900 


10 575 


12 375 


14 462 


19^6/3 


26.623 


48 038 


85 0/0 


148 02 


253 33 


1 2001 


1 4568 


1 7535 


2 1068 


2 5270 


3 0256 


3 6165 


4 3l5n 




6 1 159 


86,128 


12 055 


14 231 


16 776 


23 214 


31 948 


59 567 


106 89 


195 39 


344 53 


1 2202, 


1 4859 


1 8061 


2 1911 


2 6533 


3 2071 


3 8697 


4 6610 


5 6044 


6 72/5 


9 64 6 J 


13 743 


16 366 


19 460 


2/393 


38 33/ 


73 864 


j 1393/ 


257 91 


468 5/ 


1 2324 


F5157 


1 8603 


2 2788 


2 7860 


3 3996 


4 1406 


5 03J8 


6 101W 


M002 


10 803 


1566/ 


18821 


22 574 


32 323 


46 005 


91 591 


178 40 


340 44 


637 26 


1 2447 


1 5460 


1 9161 


2 3699 


2 9253 


3 6035 


- 4 4J04 


5 4 165 


6G36C 


B 1403 


12 100 


1/861 


21 644 


26 166 


38142 


55 206 


1135/ 


228 35 


449 39 


866 67 


1 2572 


1 5/09 


1 9730 


2 464/ 


30715 


3 8197 


4 7405 


58/15 


Z25/9 


8 9543 


13 552 


20 361 


24 891 


30 3/6 


4500/ 


66 247 


140 83 


292 30 


593 19 


11786 


1 2697 


1 6084 


2 0328 


2 5633 


3 2251 


4 0489 


5 0724 


63412 


7 9111 


9 849/ 


15 1/8 


23 212 


28 625 


35 236 


53 108 


79 496 


174 63 


374 14 


783 02 


1602 9 


1 2824 


1 6406 


2 0938 


2 6658 


3 3864 


4 2919 


5 4274 


6^485 


8 6231 


10 834 


1/000 


26 461 


32^18 


40874 


62 668 


H 95 396 


21654 


4/8 90 


1033 5 


21800 


1 2953 


1 6734 


2 1566 


2.7725 


3 5557 


4 5494 


5 8074 


7 3904 


9 3992 


11 9(8 


19 040 


30 166 


37 856 


47414 


/J 948 


114 47 


288 51 


61299 


1364 3 


2964 9 


1 3082^ 


1 7069 


22213 


28834 


3 7335 


4 8223 


6 2119 


79881 


10 245 


13 110 


21 .124 


34 389 


43 515 


55 000 


8/259 


137 37 


332 95 


784 63 


1000 3 


4032 2 * 


1 3213 


1 7410 


. 2 2879 


2 998/ 


3 9201 


5 1117 


6 6488 


8 62/1 


11 16/ 


14 421 


23 883 


39 204 


50 065 


63 800 


102 96 


164 84 , 


41286 


10043 


2J/7 2 


5483 6 


1 3345 


1-7758 


2 3566 


3 1187 


4 1161 


54184 


7 1143 


931/3 


12 1/2 


15863 


26 Z49 


44 693 i 


5/ 5/5 


74 008 


12150 


19/81 


51J 95* 


1285 5* 


31379 


7458 0 


1 3478 


1 8114 


2 4273 


3 2434 


43219 


5 /435T 


76123 


10 062 


13 26/ 


17 449 


29 959 > 


50 950 


6,6 211 


05 849 


1433/ 


23/37 


^34 81 


16455 ■ 


41420 


10143 


1 4889 


2 2080 


3 2620 


4 8010 


7 0409 


10 285 


14 974 


21 724 


31 409 


45 259 


93 050 


188 88 


26/86 


3/8 72 


Z50 37 


1469 7 


54559 


19426 


66520 




1 6446 


2 6916 


4 3839 


7 1067 


II 467 


18 420 


29 457 


46901 


74 357 


11739 


289 00 


700 23 


1003 6 


16/0 / 


392/3 


91004 


46890 








1 8167 


3 2810 


>5 8916 


10519 


18 679 


32 987 


,57 946 


101 25 


176 03 


304 48 


89/ 59 


2595 9 


4383 9 4 


/3/0 1 


20555 


5634/ 











•FVIF > 99.999 
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DATA TABLE 2. PRESENT VALUE OF $1 tlVlF), 



m 
m 

t 

o 
en 
\ 

P 
OQ 
CD 

UJ 



Period 1% 2% 



3% 



4% 



5% 6% 



9901 9804 

9803 96,12 

9706 9423 

9610 9238 

9515 9057 



6 9420 8880 

7 9327 8706 

8 .9235« 8535 

9 9143 8368 

10 9053 8203 

1 1 8963 8043 
12' 8874 .7885 

13 8787 .7730 

14 8700 " 7579 

15 8613 „ 7430 

16 " 8528 - 7284 

17 8444 -.7142 

18 83^) «7002 

19 8277 6864 

20 8195 .6730 



25 
30 
40 
50 
60 



7798 6095 

7419 5521 

6717 4529 

6000 *3715 

5504 3048* 



9709 9615 9524 .9434 

9426 9246 9070 8900 

9151 8890 8638 8396 

8885 8548 ,8227 7921 

.8626 8219 7835 7473 

8375 7903 7462 7050 

8)31 7599 7f#7 6651 

7894 7307 6768 6274 

7664 i7026 6446 5919 

7441 6756 ' 6139 5584, 

7224 6496 _ 5847 5268 

7014 6246 5568 4970 

6810 6006 5303 4688 

6611 5775 5051 4423 

6419 5553 4810 4173 

6232 5339 4581 3936 

.6050 5134 436$ 3714* 

.5874 4936 4155 3503' 

.5703 4746 3957 3305 

5537 4564 ^ 3769 3118 ' 

4776 3751 2953 2330 

4120 f 3083 2314 1741 

3066 2083, 1420 0972 

2281 * 1407 0875 gsfo 

.1697 .0951 0535 0303 



7% 


8% 




1Ut» 


• 

12% 


14% 


9346 


9259 


9174 


9091 


8929 


8772 


8734 


8573 


8417 


8264 


7972 


7695 


8163, 


7938 


7722 


7513 


7118 


6750 


7629 


7350 


7084 


6830 


6355 


5921 


7130 


6806 


6499 


6209 


5674 


5194 


6663 


6302 


5963 


5645 


5066 


4556 


6227 


5835 


5470 


5132 


4523 


3996 


5820 


5403 


5019 


4665 


4039 


3506 


5439 


5002 


4604 


4241 


\ 3606 


3075 


5083 


4632 


4224 


3855 


3220 


2697 


4751 


4289 


3875 


3505 


2875 


2366 


4440 


3971 


3555 


3186 


2§67 


2076 


4150 


3677 


3202 


2897 


2292 


1821 


3878 


3405 


2992 


*2633 


2046 


1597 


3624 


3152 


2745 


2394 


1827 . 


1401' 


3387 


2915 


2519 


2176 


1631 


1229 


3166 


2703 


2311 


1978 


1456 


1078 


2959 


2502 


2120 


1799 


1300 


0946 


2765 


2317 


1945 


1635 


1161 


0829 


2584 


2145 


1784 


1486 


1037 


0728 


1842 . 


1460 


1160 


0923 


0588 


0378 


1314 


0994 


0754 


0573 


0334- 


0196 


0668 


0460 


0318 


0221 


0107 4 


0053 


0339 


0213 


0T34 


0085 


0035 


0014 


0173 


009$ 


0057 


0033 


0011 


0004 



J 5% 16% 18% / 20% 2"4% 2S%, 32S 



8696 8621 

7561 7432 

6575 6407 

5718 5523 

4972* 4761 

4323 4104 

3759 3538 

3269 3050 

2843 2630 

2472 2267 

2149 1954 

1869 s 1685 

1625° 1452 

1413 1252 

1229 1079 



.8475 8333 

7102 6944 

6086 5787 

5158 4823 

4371 4019 

3704' .3349 

.3139 2791 

*2660 2326* 

2255 1938 

1911 161£ 



36% 



8065 7813 
6504 6104 
5245 " 4768 
4230 3725 
3411 2910 



7751 

2218 

1789 

1443^ 

1164' 



2274 
1776- 
1388 
1084 
0847 



7570 7353 

5739 5407 

4348 3975* 

3294 .2923 

2495 2149' 

1890 1500 

1432 ,1162 

1085 0854 

0822 0628 

06^3 0462 



1619 ^ 1346 * 0938 0662 0472 0340 

1372 112* 0757 0517 .0357 0250 

1163 ,0935 0610 *0404 0271 0184. 

0985 0779 0492 0316 0205 0135 

0835 0649 0397 0247 0155 0099 



J069 0930 • 0708 0541 0320 0193 0118 0073 

0929 0802 0600 045 1 0258 0 1 50~ 0089 0054 

0800 0691 0508 0376 0208 0118 0060 0039 

0703 0596^ 0431 0313 ,0168 0092 0051 0029 

0611 0514' 0365 0261 0135 0072 0039 0021 

0304 0245 0160 0105 0046 0021 0010 0005 

0151 0116 0(570 ( 0042 0016 0006 0002 0001 

0037 0026 0013 0007 0002 0001 

0009 0006 0003 0001 .... 

0002 0001 J ... 

, *The facto^b zero la tour decimal places 



203 



200 



DATA TABLE 3.' SUM OF AN ANNUITY OF $1 (FVIFJ 



Numbff of 
Ptfiods 



1% 



2% 



3% 



4% S% 



7% 



8% 



3 0301 30604 3 0909 3 1216 3 1525 3 1836 , 32149 3 2464 

4 0604 4 1216 4 1836 4 2465 4 3101 4 3746 4 4399 4 5061 

5 1010 5,2040 5 3091 54f63 5 5256* 56371 5 7507 5 8666 



1 


1 0000 


10000 


2 


2 0100 


2 0200 


. 3 


3 0301 


30604 


4 


40604 


4 1216 


5 


5 1010 


5,2040 


6 


6 1520 


63031 


7 


7 2135 


7J343 


8 


8 2857 


85830 


9 


9 3685 


9 7546 


to 


10 462 


10 949 


11 


11 566 


A 

12 168 


12 


12 682 


13412 


13 


13 809 


14 680 


1 4 




1 5 973 


15 


16 096 


17 293 


16 


17 257 


18 639 


17 


18 430 


20012 


18 


19 614 


21 412 


19 


20 810^ 


22 840 


20 


22 019* 


24 297 


h 


23 239 


25 783 


22 


24 471 


27 299 


,23 


25 716 


28845 


24 


26 973 


30 421 


25 


28 243 
p „ 


32 030 


26 


29 525 


33 670 


27 ' 


30 820 


35 344 


^8 


n 32 129 


37 061 




33 450 


38 792 




34 784 


40 568 


40 , 


48 886 


60 402 


50 


64 463 


84 579 


60 


81669 


114 05 



6 4684 

7 6625 

8 8923 

10 159 

11 463 



6 6330 
78983 
92142 
10 582 

12 006 

13 486 

15 025 

16 626 
18 291 
20 023 

?\ 824 
23 697 
25 645 



68019 
8 1420 
95491 

11 026 

12 577 



6 9753 
8 3938 
98975 
11 491 
13 180 



28 676 
30 536 
32 452 
34 426 
36 459 



31 969 
34 248 
3GG17 
39 082 
41 645 



38 553 44 311 

' 40 709 47 084 

42 930 49 967 

45 218, 52 966 

47 575 56 084 



7 1533 

8 6540 

10 259 

11 978 
13 816 



7 3359 

8 9228 
10636 
12487 
14 486 



'10000 

2 0900 

3 2781 

4 5731 
59847 

7 5233 
92004 
11 028 
13 021 
15 192 



10%_ 17% 14% 

1 0000 

2 1400 

3 4396 

4 9211 
6 6101 



1 0000 1 0000 

2 1000 2 1200 

3 3100 3 3 744 

4 6410 4 7793 

6 1051 6 35*28 

7 7156 8 1 152 
9 4872 10 069 



15%^ 

1 0000 

2 1500 

3 4726 

4 9934 
6 7424 



16% 

.10000 
2 1600 
35056 
50665 
68771 



11% 20% 24% 



8 5355 8 7537 8 9775 

10 730 11 066 11 413 

11 435 1 2 299 13 232 13 726 14 240 

13 579 14 775 16 085 16 785 17 518 

15937 17 548 19337 20303 21 321 



10000 

2 1800 

3 5724 
52154 
7 1542 

9 4420 
12 141 
15 327 
19 085 
23521 



1 0000 10000 

2 2000 2 2400 

3*6400 3 7776 

5 3680 5 6842 

74416 80484 

9 9299 10 980 

12915 14615 

16 499 19 122 

20 798 24 712 

25 958 31643 



14 206 


149)1 


15 783 


' 16 645 


17 560 


18 531 


20 654 


23 044 


24 349 


25 732 


28 755 


15917 


16869 


17888 


18 977 


20 140 


2! 384 


24 133 


27 270 


-29 001 


30 850 


34 931 


17 713 


18682 


20 140 


21 495 


22 953* 


24 522 


28 029 


32 088 


34 351 


36786 


42 218 


19 598 


21 015 


22 550 


24 214 


26019 


27 975 


3 2 392 


37 581 


40 504 


43 672 


50818 


21 578 


23 276 


25 129 


27 152 


29 300 


31 77? 


37 279 


43 642 


47 580 


51 659 


60 965 



23 657 25672 27 880 30 324 

25 840 28 212 30 840 33 750 

28 132 30 905 33 999 3 7 450 

30 539 33 760 37 379 4 1 446 

33 066 36 785* "40 995 45 762 

35 719 399d2 44 865 5d422 

38 505 43 302 49 005 55 456 

,41430 46 995 53 436 60 893 

*44 502 50816 $8 176 66 764 



47 727 54 864 



)249 73 105 



51 113 59 156 68 676 79 954 

54 669 63 705 7 4 483 87 350 

58 402 68 528 80697* 95.338 

62 322 73 639 8704V '103 96 

66 438 79058 ' 94 460 113 28 



1253 2 



33 003 
3G973 
41 301 
46018 
51 160 

56 764 
62873 
69531 
76 789 
84 700 

* 93 323 
J02 72 
U2 9G 
124 13 
136 30 

337 68 
81508 
1944 7 



35 949 
40 544 
45*99 
51 159 
57' 275 

v 

64 002 
71 402 
79 543 
88 497 
<10 347 

109 18 
121 09 
134 20 
148 63 



42 753 
48 883 
55 749 
63 439 
72 052 

81 698 
92 502 
10*1*60 
118 15 
133 33 

15033 
169 37 
19069 
21458 



50 900 
59417 
68 394 
78969 
91 024 



55 717 
65 075 
75 836 
88 211 
102 44 



60 925 
71 673 
84 1,40 
98 603 
11537 

134 84 



72 939' 
87 068 
103 74 
123 41 
146 62 



87 442 
105 93 
128 11 
154 74 
166 68 



164 49 24 1 33 



442 59 767 09 
11839 24000 
3034 8 7471 6 



1342 0 1779 0 
4994 5f 7217 7 
18535 29219 



2360 7 
10435 
46057 



100 83 

126 01 
157 26* 
195 99 
244 03 
303 60 



104 76 118 81 

12043 13783 '15741 20634 271 03 46906 

138 29 159 27 18360 244 48 326 23 582 62 

1 58 65 164 1 6 2 13 97 289 49 392 48 723 46 



208 33 245 71 290 08* 405 27 56 7 3 7 

238 49 283 56 337 50 479.22 681 85 

277 88 327 10 392 50 566 4a 81922 

31209 377 16 456 30 * 669 44 984' 06 

356 78 ' 43474 536 31 790 94' 11818* 



2t% 


32% 


3t% 


10000 


1 0000 


10000 


2 2800 


2 3200 


2 3600 


3 9184 


4 0624 


4 2096 


6 0156 


6 3624 


6 7251 


8 6999 


9 3963 


10 146 


12 135 


13 405 


14 796 


16 533 


18695 


21 126 


22 163 


25 678 


29 731 


29 369 






38 592* 


47 061 


57 351 


50 398 


63-121 


78 998 


65 510 


84 320 


108 43 


84 852 


11230 


14647 


16961 


149 23 


202 92 


141 30 


197 99* 


276 97 


*181 86 


262 35 


37769 


233 79 


347 30 


$14 66 


300 25 


459 44 


70093 


385 32 


607 47 


954 27 


494 21 


802 86 


12988 


633 59 


1060 7 


1767 3 


811 99 


1401 2 


2404 6 


1040 3 


1850C 


3271 3 


1332 6 


2443 8 


4449 9 


1706 8 


32268 


60529 


2185 7 


42604 


8233 0 


2798 7 


5624 7 


11197 9 


3583 3 


7425 6 


15230 2 


4587 6 


9002 9 


20714 1 


5673 2 


12940 


28172 2 



4 163 2 7343 8 
21813 45497 



11146 
1383 1 
17160 
2128 9* 
2640 9 



22728 6937T 



•FWA > 99.999 



m 
i 

o 

cn 



DATA TABLE 4. PRESENT VALUE OF 



AN ANNUITY OF $1 (-PVIF*). 

* 3- 



Numbti of 
p«ym«ntt 



2% 



1 


09901 


09804 


2 


1 9704 


1 9416 


3 


29410 


2 8839 


4 


3 9020 


3 8077 


5 


4 8534 


4 7135 


6 


5 7966 


5 6014 


7 


- 6 7202 


6 4720 


8 


7G6I7 


7*3255 


9 


6 5660 


8 1622 


10 


947IJ 


8 9826 


11 


10 3676 


, 9 7868 


12 


11 2bbl 


10 5753 


13 


12 1337 


11 3484 


14 


13003/ 


12 1062 


15 


13 8651 


12 6493 


lb 


14 7179 


13 5777 


17 


lb 5623 


14 2919 


IB 


16 3903 


14 9920 




I7 22GO 


15 678b 


20 


18 0456 


I6 3bl4 


2b 


22 0232 


19 5235 


30 


25 8077 


22 3965 


40 


32 8347 


27 3555 


bO 


39 1961 


31 4236, 


60 


44 9550 


34 7609 



3% 


4% 


5*L 


6% 


0 9709 


0 9015 


0 9524 


0 9434 


1 9135 


1 8861 


1 8594 


1 8334 


2 8286 


2 7751 


2 7232 


2 6730 


3 7171 


3 6299 


3 5460 


3 46b) 


4 5797 


4 4518 


4 3295 


4*2 124 


5 4172 


5 2421 


5 0757 


4 91 /J 


. 6 2303 


6 0021 


5 7864 


5 5824 


7 0197 


6 7327 


6 4632 


6 2098 


7 7861 


7 4353 


7 1078 * 


6 8017 


8 5302 


8 1109 


7 7217 


7 3601 


9 2526 


8 7605 


83064 


78869 


9 9540 


9 3851 


8 8633 


^3838 


10 6350 


9 9856 


93936 


8 8527 


11 2961 


10 5631 


9 8986 


9 2950 


11 93/9 
& 


1 1,1 184 


10 3792 


9 7122 


12 5611 


1 1 6523 


10 8378 


10 I05U 


13 1661 


12 1657 


11,2741 


I04//3 


13 7535 


12 6593 


H6696 


10 8276 


14 3238 • 


13 1339* 


12 0853 


II 1581 


14 6775 


13 5903 


12 4622 


11 4599. 



7% 

0 9345 

1 8080 

2 6243 

3 38/2 

4 1002 



•% 

0 9259 

1 7833 

2 5771 

3 3121 
3 9927 



9% 

0 9174 

1 7591 

2 5313 

3 2397 
3 8897 



12% 



15% 16% 



11% 



_20% 24% 21% 32% 



4 7665 

5 3893 

5 9713 

6 5152. 6 2469 

7 0236 6 7101 



4 6229 4 4859 

5 2064 5 0330 
5 7466 5* 5348 



5 9JL2 

6 4177 



17 4IJI 166221 

19 6004' 17 2920 

23 1148 19 75^8 

25 7298 214822 

27 6756 22 6235 



14 0939 

15 3725 



12 7834 

13 7648 
0463 
/6|9 

18 9293 16 Ibl4 



'3J/rt . IJ /b4b 

17 |f>ai I lb 0463 

18 2559/ lb/6 1 a 



7 4987 

7 9427 

8 3577 

8 7455 
9^079 

9 4466 
9 7632 

10 059*1 
10 3356 4 

10 5940 

11 6536 

12 4090 

13 331/ 

13 8007 

14 0392 



7 1390 6 8052 

7 5361 h 1607 

7 9038 / 7'4869 

8 2442 \ 7 7862 
8 5696 8 0607 



69091 08929 6 8772 0 8696 0 8621- 08475 * 08333 0 8065 0 7813 0 7676 

17355 1 6901 16467 1 6257 f6052 1 6666 1 6278 I {568 1 3916 13315 

2 4869 2'40I8 2 3216 2 2832 2 2459 2 1743 21065 1 9813 1 8684 1 7663 
31699 30J73 2 9137 2 8550 2 7982, 26901 25887 2 4043 2 2410 2 0967 

3 7908 3 6048 3 4331 3 3522 3 2743 3 1272 2 9906 2 7454 2 5320 2 3452 

3 7845 3 6847 3 4976 3 3255 . 3 0206 2 7594 2 6342 

4 1604 4 0386 3 8115 3 6046 3 2423 2 9370 2 6775 
4 4873 4 3436 4 0776 3 8372 3 4212 3 0768 2 7860 

4 7716 46066 4 3030 4 0310 3 6666 3 1842 2 8681 
50188 4 8332 4 4941 4*1925 3 6819 3 2689 2 9^04 

6 2337 5 0286 

5 4206 5 1971 
56831 53423 49096 
5 7245 5 4675 
5 6474 5 5756 




8 8514 

9 1216 
9 3719 
9 6036 
98181 

10 6/48 

1 1 2578 

1 1 9246 

12 2336 
12 3766 



8 3126 
8 5436 
8 7556 

8 9501 , 

9 1285 

9 8226 
10 2737 

10 /574 
109617 

11 0480 



4 6560 4 3271 * 3 7757 3 3351 2 9776 

4 7932 4 4392 38514 13868 3 0133 
4 6327 3 9124 3 4272 3 0404 

6 0081 46106 3 9616 3 4587 3 0609 

5 0916 4 6755 4 0013 3' 4034 3 0764 

6 2651 5 9642 5 6686 5 1624 4 7296 4 0333 3 5026 3 0882 

6 3729 6 0472 5 748? 5 2223 4 7746 4 0591 3^5177 3 0971 

6 4674 6 1280 5 8178 6 2732 4 8122 4 0799 3 5294 3 1039 

6 5604 6 1982 5 8775 ^5 3162 4 8435 4 0907 3 5386 3 1090 

6 6231 6 2693 6 9288 5 3527 4 8696 4 1103 3 6468 3 1129 

9 0770 7 8431 68/29 6 4641 60971 54669 4 9476 4 1474 3 5640 3 1220 

9 4269. 8 0662 7 0027 6 5660 6 1772 6 5168 4 9789 4 1601 3 5693 3 1242 

9 7791 8 2438 7*1050 6 6416 6 2335 6 5482 4 9966 4 1659^ 35712 3 1250 

99148 8 3045 7 U27 66605 6 2463 45541 4,9996 4 1666 36714 "3 1260 

99672 83240 7 1401 66661 6*2402 5 6653 4 9999 4 1667 3 6714 3 1250 



7 8237 

8 0216 
8 2014 
8 3649 
8 6136 



6 9740 

7 1196 
-7 24417 
7 3658 
7 4694 



N ' ' 213 
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GLOSSARY 



Ben'eflt-cost ^titf V Actual net cost savings per year, di% 
' vided'by the net 'cost savings per year needed to te- . 
cover the investment . r 



Capital recovery factor : A number indicating' the percentage 
of an investment's original cos* f that must be generated 
| e^ch year \n net cost savings- to recover the original 
cost. < 

\ 

Internal rate^of return : The interest rate that causes NPV 
to equal -zero when used as a* discount rate. 

. Mutually -exclusive : - Proj ects ,that perform the same function, 



Net cost savings :, Cost savings per, year minu^ cost per year 

> 

Net present value : The present v^lue\of cost savings minus 
the present value of costs. 

Original project : An energy-related system that pei;fbrmSxa 
function "for the first iinre for a giyen business, 



Payback .ff£rio 
cost 



The length* of time required to obtain net 
vingN$ equal> to the^ initial investment, 



Replacement frrvoject : A course -of action that changes or 
^modifies an energy-related system- already *in use , * 
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